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Metho ds and Composi one Rela t in g to B ody Weight and 

Eating Disorders 



Fif^ld of the Invention 



scrcer s 



i^er-^ifies anc: cescrices prcteirs ^r^o. ere 



ir. cccy weight, and/cr eatinc 
c- - - - - - ■• ^ "" ^ cr- - >' c r G s s 1 c r. i. r. r. c rrr. a . 

^ ^- »- ^ ~ ^ ^ - o 1 s c 1 c. T- z 6 c s a "C 6 s a Ti c i r. c a y *_ i c u -l a i 
iden--i::es and describes crciems associated with the 
reGU^a-.:cn of appetite anc bccy weight. Further, the 
preser-. invention identifies and describes proteins vie 

-r-te-act w 1 t T. oene products involved in 
the regulation of ooay weiani and appetite. Still 
iurtne:, 'he present invention provides methoos, 
particularly exper imenT:al paradigms for the 
identification of differentially expresseo proteins that 
are potential molecular targets for compouncs tc treat 
body we:ghi and/cr eatmc oiscrders including, but not 
limitec tc, obesity. Still further, the preseni 
inventicn provides methods Icr the identification and 
therapeutic use of compouncs for the treatment of body 
weight and/or eating disorders including, but not limited 
to, obesity. 



Backgro un d of the Invention 

Body we;g.-.t disorders, mcljcmg eating disorcers, are 
one cf :r.i. major public healtn problems in all 
industrialised countries a:.o is a growing prci: . em in 
count r:-: J uncergcing rap:c a: cul turalisation . Cbesity, 
the rr.cs- : :evaient of eat::.,: ciscrders, is the -est 
commic:. r.u t r 1 1 1 ona 1 di scree: : :. the Western wc r 1 c and can 
have a r:-.-aience cf up ti : - in middle-agec and elderly 
pcpulat: -:.s . However, it :? also an increasing problem 



in children. Other weight disorders, such as anorexia 
nervosa and bulimia nervosa are also serious health risk 
anc affect approximately 0.2% of the population, 
particularly feniale, in Western countries. Anorexia and 
cach.exia are major features of other diseases such as 
cancer, AIDS and trauma. 

Obesity, defined as an excess body fat relative to lean 
body mass, also contributes to many other diseases. For 
example, obesity is responsible for the increased 
incidence of diseases such as cuioriary artery disease, 
stroke and non-insulin dependent diabetes. Obesity is 
not merely a behavioural problem, i.e. the result of 
voluntary hyperphagia. Rather, the differential body 
composition observed between obese and non-obese subjects 
results from differences in both metabolism and 
neurological/metaboi ic interact ions. These differences 
are to some extent genetically inherited but the nature 
of the gene products that control body weight and body 
composition are unknown. Attempts to identify protein 
molecules involved in the control of body weight have 
been largely empiric and the nature of the mechanisms by 
which body composition and/or substrate flux are 
monitored have not yet been identified. 

The epidemiology of obesity strongly shows that the 
disorder exhibits inherited characteristics (Stunkard, 
1990, N. Eng. J. Med. 322: 1483). Moll et al., have 
reported that, in many populations, obesity seems to be 
controlled by a few genetic loci (Moll et al., 1991, Am. 
J. Humt. Gen. 49: 124 3; . In addition human twin studies 
strongly suggest a substantial genetic basis in the 
control of body weight, with estimates of heritability of 
80-90% (Simopoulos, A.F. & Childs, B., ecs., 1989, in 
''Genetic Variation and Nutrition in Obesity", World 
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. . _ , , _ . .-c^-. r ■,: : ? : r. 5 je . i c e r a t e . y 

^.^ _ ;■£,_:. v,r;:-::\- ;■/ y 5 er.a r : ra 1 1 y z^er -eaz ir.^ 
-'-5- scr:.~ ■.-.■ere resisrar.: tc sue:, weichr cair. 

...... ethers ar.c were aclc tc rr.air.ta: r. an elevated weight 

verv high calcrir intake. Z r. ccr.trast, 
srcr-.tanecusly ccesc 1 r.ci vi cua 1 5 are able tc rr.aintair. 
tTieir obese status w:t;. r-crmal or only mcaerately 
elevated caloric intake. 

In aadition, it is a ccmmcnplace experience in animal 
nuscancry that different strains of swine, cattle, etc., 
have different predispositions tc obesity. Studies of 
tne genetics ci hurr>an ccesity and of models of animal 
ccesity demonstrate that obesity results from complex 
aefective regulation cf both food intake, food induced 
energy expenditure anc cf the balance between lipid and 
lean body anabolisn.. 

There are a number of genetic diseases in man and other 
species, which feature obesity among their more prominent 
symptoms, along with, irequently, dysmorphic features and 
mental retardat icr. . .^-.1 though no mammalian gene 
associated with an crei-:ty syndrome has yet been 
cnaracterised in mclecular terms, a numiber cf such 
diseases exist in huma-..^ . For example, Frader-Willi 
svncrcm.e (PWS) affectf approximately 1 ir. 2C,000 live 
b;rt.'-.s, and involves r r c r neonatal muscle tone, faciai 
anc genital deformitici, and generally cresity. The 
ce:.etics of PWS are v^ry complex, invcl vi.-.c, for example, 
cer-.ctic imprinting, 1 ■-■nich development cf tne disease 
seers tc depend upon w:.;ch parent contributes the 



oDncrmal PWS allele. In approximately half of all PWS 
patiepits, however, a deletion on the long arm of 
oh.romoscme 11 i.-- visible, makinc the imprinting aspect of 
trie disease ci:fscui\ to reconciit. Given the various 
symptoRiS genciaiec, it seemis likejv that the PWS gene 
product may be required to norma] brain function, and 
may, therefore, not be directly involved in adipose 
tissue met abol i smi . 

In addition to PWS, many other pleiotropic syndromes, 
v;hich include obesity as a sym.ptcm., have been 
characterised. These syndromes are more genetically 
straightforward, and appear to involve autosomal 
recessive alleles. The diseases, which include, among 
others, Ahlstroem, Carpenter, Bardet-Biedl , Cohen, and 
Morgagni-St ewart-Fionel Syndromes. However, each of these 
is rare and they do not account for the human obesity 
epidemic . 

There are a number of animal models with mutations that 
are associated with body weight and body composition 

disorders and attempts have been made to utilise such 
animals as models for the study of obesity. The best 
studied animal models for genetic obesity are mice, which 
contain the autosomal recessive mutations ob/ob (obese; 
or db/db (diabetes). These mutations are on chromosome 6 
and four respectively, but lead to clinically similar 
pictures provided the genes are expressed on the same 
background strain. The ob gene product has been 
identified as 16kCa polypeptide produced primarily by 
adipose tissue that provides a signal to the brain on the 
adipose tissue fat stores. Mice with a mutation, 
resulting in no circulating protein (called leptin) are 
hyperphagic, obese, have poor thermc-regulation and non- 
shivering thermocenesis and are insulin resistant with 
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.rr.cairec cluccso -clerar.c-:. Trea— x-r.i ci -r.ese "ice v;: 
-eccrT-.c::-.£i:-.- lectir. reauce? iccr! iv.zake ar.c stiir.ulates 
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r-vr:.callv identical rc tne cc 



^ - ^ ' r c 7 p - , c -acKcrcunc. C^ner single gene rriUtaricns m 
mice asscciatea witn obesity, include the yellow mutation 
at the agouti locus, mutations at the fat and tubby loci 
and an autosomal dominant m.utation at the adipose locus 
on chromosome 7 . 

other mutar,. animal mcoels mcluce fa/fa (fatty: rats ana 
ZDF fatty rats, which Dear strcrc respective similarities 
with the ob/ob and db/db mice. Thus the fa/fa rat is 
hyperphagic, obese, insulin resistant, very 
hyperinsulinaemic and glucose intolerant, whereas the ZDF 
rat is hyperphagic, obese, insulin resistant and 
hyperinsulinaemic, but develops frank diabetes after 
approximately 6 weeks of age. 

Inbred mouse strains, such as tne NZO mouse, the Japanese 
KK mouse are models of obesity. Further, desert rooents, 
such as spiny mice and sand rats are neither insuim 
resistant ncr diabetic m their natural habitats, but do 
become insulin resistant and glucose intolerant wnen fed 
on a standard laboratory diet. 

Obesity IS a cciTLmon feature c: clcerly rodents arc the 
developmen- :i obesity can ce accelerated by feecir.c 

_,^„.. — ^ . -v-/^. ■t"V^pc:e diets are 
diets witn a nign fat conn^i.^/ .-...c^n^^ ^..e^c ^ 

synthetic ncr.ogenous diets or are the result of 



supplementation cf replacement of the normal rat chow by 
human food with a high fat content (cafeteria diet) . 

In a:.ima_i studies, it has been demonstrated that, as in 
humans, some animals are able to resist the obesity 
inducing effects of a diet with a high fat content. This 
resistance appears to be at, at least, two levels. 
First, there are differences in preferences for diet high 
in fat. Thus, some animais do not overeat when presented 
with a high fat diet, whereas others do. Secondly, 
animals show differences in their ability to resist 
obesity by activating energy wasting mechanisms. 

All of these animal models have been used from time to 
time to evaluate new drugs that were potential treatments 
for body weight and eating disorders, including obesity. 
However, although individual changes in enzyme activities 
have been identified in some of the animal models and how 
this m.aoht be altered by a drug therapy, no systematic 
evaluation has been made of the differences in protein 
expression in the tissues of normal animals and the obese 
animals. It is these changes in protein expression that 
underlie the development of body weight and eating 
disorders, including obesity. It is the same changes in 
protein expression that are likely to be causative of 
obesity in humans and in companion animals such as dogs 
and cats. Given the severity and prevalence of obesity, 
there exists a great need for the systematic 
identification of the disease causing proteins, since 
moduiation of the expression level of such proteins back 
to the jevel in non-obese state represents a means of 
treatinc the disease condition. 



Svumnarv of the Invention 

Broadly, the present invention relates to methods and 
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Slaves arc: alsc i ae::.::i f : e s crcrems tnat are 

r\' - f- ^ er,z 1 ai i \' excressed : r. resccnse tc n^Laniculat: icns 

:-^aKt. . Sue- ci f ierer:::iai: y excressed crcreirs iT\ay 
recresent 't.arget prcreir.s' and/or fingerprint proteins. 
Further, the present invention identifies and describes 
oroteins termed pathv;ay proteins via their ability to 
mteraci witn prctems ir.vclved in the regulation of bod 
eicnt anc/cr focc inraKC. ?athv;ay proteins may alsc 
exhiri: taroet protein ano.. cr fingerprint protein 
characteristics . 
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Accordingly, in the first aspect, the present invention 
provioes a method of screening an agent to determine its 
usefuir.ess m treating a ccndition characterised by body 
weight Gisorders and/or eating disorders, the method 
comprising : 

( e establishinc a caradigm. in which at least one 
protein is dif f erentialJ y expressed m relevant tissue 
from, ci representative ol, subjects have differential 
levels cf obesity; 

ii: obtaining a sample of relevant tissue taken 
from, ci representative c:, a subject have obesity, who 
or wh:cx has been treateo w:th the agent being screened; 

c determining tne ::resence, absence or degree cf 
exprere:cn of the di f fere:.: : all y expressed rictein or 
crcteix:- m the tissue i:c.::, or representative of, the 
treateo subject; and, 

■c seiectma or rejerting the agent according to 



the extenr to which it changes the expression of the 
di f i eren 1 1 ai ]. y expressed protein or proteins in the 
treated obese subject. 

'Jypicaliy, an aaent is selected if it changes the 
expression of a differentially expressed protein towards 
that of a normal weight subject. 

jn a further aspeci, the present invention provides a 
method for the identification of an agent or agents for 

J- 11 L,ii\- L-x^aLiiidiL. wj_ j^wwy wcj-yiiu ciiiv^/kJJ_ CdLXllU 

disorders comprising the steps of: 

(a) identification of experimental and/or clinical 
paradigms that exhibit differential levels of obesity or 
lean or nutrient intake status (e.g. fed v fasted) or 
macronutrient selection (e.g. fat-preferring v non-fat 
preferring) ; 

(b) identification of differentially expressed 
proteins in tissues of animals or humans exhibiting 
differential levels of obesity or leanness or nutrient 
intake states or macronutrient selection; 

(c) selecting an agent that converts the expression 
of differentially expressed proteins in tissues of 
animals or humans exhibiting body weight or eating 
disorder dysfunctional states to that in the normal state 
for use in the treatment of the body weight or eating 
disordered state. 

]n a further aspect, the present invention provides the 
use of an agent identified by the above method for the 
preparation of a medicament for the treatment of a 
condition characterised by body weight or eating 
disorders. These conditions include obesity, non-insulin 
dependent diabetes (type 2 diabetes) , Gushing syndrome, 
anorexia nervosa and bulimia. 
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a lur^r^er ascec:,, i::e rresen*: ir.venr:c:\ crevices e. 

a-c/cr eatinc ::ys : i c r. m a rumar: cr anna: subjec:., 

tne method comprisinc: 

(a:- establishmc a paradigiTi in which at least one 
protein is differentially expressed m relevant tissue 
trou., or representative of, subjects navinc a body weight 
and/or eating disorcer; 

(b^ obtaining a sample of the tissue from the 

subi ect ; 

(c) determiining the presence, absence or degree of 
expression of the differentially expressed protein or 
proteins in the sample; and 

(6) relating me cet erminat ion to the nature or 
oecree of the boay weight or eating disorcer by reference 
tc a previous correlation between such a determination 
anc clinical inf ormia t 2 on . 

Conveniently, the patient sample used m method can be a 
tissue sample or occy fluid sample or urine. This method 
allows the causes c: rcdy weight or eatmc disorder 
dvsfunction of a paiient to be ccrrelatec to different 
t\Tes to prophylacT. I : cr therapeutic treatment available 
i:. tne art, therer^- y.nancmc tne liKelir.coG of obtaining 
a reneficia: resrcn-^ in rhe patient t. : tne therapy. 



n a furtner aspect, tne present invention provides a 
■ethod of treatment cy the use of an agent that will 



IC 

restore the expressior cf one or more differentially 
expressed proie: r.s in tiie body weicht or eating disorders 
dysfuncta on state tO' that found m the normal state m 
orde: to mainta:n a reduced body weight (prevent weight 
gain; c: tc pi g vent the re-emergence of an eating 
disorder . 

In a further aspect, the present invention provides a 
method whereoy the pattern or differentially expressed 
proteins in a tissue sample or body fluid sample or urine 
of an individual with body weight and/or eating disorder 
dysfunction is used to predict the most appropriate and 
effective therapy to alleviate the dysfunction state and 
to monitor the success of that treatment. 

In a further aspect, the present invention provides a 
protein which is differentially expressed in relevant 
tissue from, or representative of subjects having 
differential levels of obesity or leanness or nutrient 
intake states or macronut rient selection and which is as 
obtainable by the method of two-dimensional gel 
electrophoresis carried out on said tissue or a protein- 
containing extract thereof, the method comprising: 

(a) providing non-linear immobilised pH gradient 
(IPG) strips of acrylamide polymer 3mm x 180mm; 

(b) rehydrating the IPG strips in a cassette 
containing 25ml of an aqueous solution of urea (8M), ?- 
[ ( chol amid op ropy! ) dimethyl ammonic ; - i -propanesulphona t e 
(CHAPS, 2% w/v, , dithioerythritcl (DTE, lOmM), mixture of 

acids and bases of pH 3.5 to 10 {2h w/v) and a trace cl 

Bromophenol Elue: 

(c) emptying the cassette c: liquid, transferring 
the strips to an electrophoretic rray fitted with humiic 
electrode wicks, electrodes and sam.ple cups, covering the 
strips and cups with low viscosity paraffin oil; 




final positions; 

(f) equilicrating zhe strips within the tray with 
lOOmi of an aqueous solution containing Tris-HCl (60mH 
pH urea (6M.. , ciycerc] i30': v/v], SDS (2% w/v) anc 

DTE (2% w/v; tcr 12 minutes; 

(G; replacmc this solution cy lOOml of an aquecu^ 
solution ccntainmc Tris-HCl (50it.m: pH 6.6, urea ( £K , 
qlycerol (30-c v/v;, SDS (2% w/v;, lodcacetamide (2.5% 
w/v) and a trace of Bromophenol Blue for 5 minutes; 
(h; providing a vertical gradient slab gel 160 x 200 >: 
1 . 5miri of acrylamiGe/piperazine-diacrylyl cross-linker (9- 
16IT/2.6%C), polymerised m the presence of TEMED 
w/v), ammonium persulphate (0.1% w/v; and sodium 
thiosulphate (rm.>y, m Tris-HCl (C.375M) pH 8.8 as 
leading buffer; 

(i; over-layering the gel witn sec-butanol for 
about 2 hours, removing the c^verlay and replacing it v;:th 
water ; 

(i; cuttinc tne IPG gel str:c5 to a size suitable 
lor the seccno c::::ensionai el ect r c t: nc r es i s , removing tr-. 
fromi the anode e:.o and 14mr. from, t:.e cathode end; 

ik^ over - : no the slab gel v.-:th an equeous 
solution of aca::-e it. 5^ w/v; anc : r i s-glycine-SC5 
(25mM-19&mK - : . 1 - w/v; as leading ruffer, heated tc ^^^C 
and loading the IPG gel strips onto the slab gel thrcugn 
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this over-layered solutior:; 

(i; running the second dimensional electrophoresis 
at a constant current of 40mM at 6-12''C for 5 hours; and, 

[m] washing the gel. 

Examples c: differentially expressed proteins are 
described in the examples below. 



Alternatively, fingerprint proteins may be used in 
IC methods for identifying compounds useful for the 

treatment of booy weight and/cr eating disordered states. 
^Target protein' , as used herein, refers to a 
differentially expressed protein involved in body weight 
regulation and/or the control feeding such that 
15 modulation of the expression of that protein may act to 

prevent or ameliorate the body weight and/or eating 
disordered state including, but not limited to, obesity. 



This invention is based, in part, on systematic search 
20 strategies involving modulations of body weight and/or 

eating behaviours and obesity experimental paradigms, 
coupled with sensitive detection of proteins by 2D- 
electrophoresis . 



25 The invention further provides methods for the 

identification of compounds that modulate the expression 
of proteins involved in body weight and feeding processes 
relevant tc the regulation oi energy balance. Still 
further, the present invention describes methods for the 

50 prevention and/or treatment cf obesity, which may involve 

the administration of such ccmpounds to individuals 
predisposed to or exhibiting cbesity. 



Additionally, the present invention describes methods for 
the prognostic and diagnostic evaluation of subjects with 
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Definitions 

^^Differential excressi^ 
leasi one recccnisable 
expression. it: may be 
Quantitatively estimatacje cr qua 
difference in tissue prciem expression. Thus, 
"erentialiy expressec prctem (herein 



as usee herein, refers tC' ai. 
ifference m tissue protein 
Guant itati vely measurable, semi- 
iitativelv detectable 
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m.ay be 

strcnG:\- expressec m tissue m the norma: state anc ±est 
strcnqiy expressed cr not expressed at all m tissue in 
the body weight or eatmc disordered state. Conversely, 
it may be strongly expressed in tissue m the disorder 
state cut less strongly expressec or not expressed at all 
in the normal state. Similarly the differential 
expression can be either way around in the comparison 
between untreated and treated tissue. Further, 
expression may be regaroec as differential if the protein 
undercoes any recognisable change between the two states 
under ccmpari son . 



Thu.^. , m contrast to prici art methods as oescribed m US 
Faten: Kc:5,702,9C2 wh: rn identify differentially 

05sec aenes by examir.mc RNA, mRNA or cIICA libraries 
rivec from differen: tissue types, the cr-sent 

:cr. is based on mf noes which directly determiine 
dif : e: entially expressec proteins present m tissue 
samrl-::, by employing ternniques such as 2 1 gel 



exp 
de 



elect rophoresi s 



The x.ern\ ''paradi en/' means a prototype example, test model 
or standard. 

Wherever a differentially expressible protein is used in 
the screening procedure, it follows that there must have 
been at some time in the past a preliminary step of 
establishing a paradigm by which the differential 
expfessibility of the protein was pre-det ermined . Once 
the paxadigiu iid^ been established, it need not be re- 
established on every occasion that a screening procedure 
is carried out. The term "establishing a paradigm" is to 
be construed accordingly. 

Body weight and/or eating disordered state includes 
conditions in which the body mass is either below normal 
or above normal and conditions in which eating behaviour 
is abnormal. Conditions characterised by body weight 
and/or eating disordered state include obesity, anorexia, 
bulimia and cathexic states associated with cancer, AIDS 
and trauma . 

Nutrient intake status includes any paradigm providing a 
difference in nutrient intake such as differences between 
fed and fasting, over-feeding v normal feeding, meal 
eating v ad-libitumi eating, sated v unsated. 

Macronutrient selection includes paradigms in which 
individuals or an:rrials select or are provided different 
macronutrients sucn as high fat v low fat, fat preferring 
v carbohydratre preferring. 

''Relevant tissue" nieans any tissue which undergoes a 
biological change m the body weight or eating disorderec 
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atments referred tc above can comprise tne 



tion cf cne or mere drugs or foodstuffs, and/c 



other factors such as diet or exercise 
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The term "fingerprint protein", as usee herein, means a 
DEF, the expression of which can be usee, alone or 
together with other DEFs, to monitor or assess the 
condition of a patient suspected of suffering from a 
bodyweight or eating disordered state. Since these 
proteins will normally be used in com.b: na 1 1 on , especial] 
a combination of four or more, they are conveniently 
termed " f ingerpr in-L proteins", without prejudice to the 
possibility that on occasions they may ce used singly c: 
along with only cne cr two other proteins for this 
purpose. Such a fingerprint protein cr proteins can be 
usee, for exam^ple, :r diagnose a particular type of boo; 
v;e:cht cr eating ciscrcer and thence i: suggest a 
f^cecific treatm.en:. :cr it. 



ne termi ''diagnosis'', as used herein, includes the 
:cvision cf anv in: crmiation concernmc the existence. 




i t 

non-existence cr probability of the disorder in a 
patient. It lurther includes the provision cf 
in: crmati or-, ccncerninc the type cr classification cf the 
disc roe: cr c: symptoiTiS, which are cr ma\* be experienced 
in connect icr. withi it. It encompasses prognosis of the 
medical course of the disorder. 

The term ''tarcet protein'', as used herein, means a DEF, 
the level cr activity of which can be modulated by 
treatment to alleviate a body weight cr eating disordered 
state. IModulation cf the level cr activity of the target 
protein in a patient may be achieved, for example, by 
administering the target protein, another protein or gene 
which interacts with it, or an agent which counteracts or 
reduces it, for example an antibody to the protein, 
competitive inhibitor of the protein or an agent which 
acts in the process of transcription or translation cf 
the corresponding gene. 

Alternatively or additionally, the DEPs can interact with 
at least one other protein or which a gene involved m 
the regulation of body weight or eating. Such other 
proteins are termed herein "pathway proteins" (PPs). The 
term is applaec to the protein with which it, the DEF, 
interacts, not the DEP itself, although a pathway protein 
can be another DEF. 

By way of example, embodiments cl the present invention 
will now be described in more detail with reference to 
the accompanying figures. 

Brief Description of the Figures 

Figures lA-E snow computer images of stained 2--DGE gels 
from the liver tissue of lean miice identifying spots 
thereon, including DEPs. 




: r. cc/cr 5-:£le^al mu5::le relative lean mouse SKe^eta^ 
-uscle . 



cr. are underexpressed ir. cb/cr 
ve rc lean mouse adipose 
cverexcressed m obese micuse 
adipcse tissue of lean mace. 

^iGures I-^-lS' sncv; DEPs which are underexpressed in crcr 
mcuse brcv;n acipcse tissue relative to lean mouse n:cv;n 
adipose tissue, and DEFs which are cverexpressed m coese 
mouse brcv;n acinose tissue relative to brown adipose 
tissue of lean miice. 

Detailed Description 

Methods and comiposi tions for the treatment of body weight 
and/or eatinc disordered states including, but net 
limited to, cnesity. Proteins termed ^target proteins' 
and/or fingerprint proteins are oescribed which are 
differentially expressed in booy -weight and/or eatinc 
disordered states relative to the:r expression in ncrmal 
states and/cr which are differentially expressed i r. 
response tc mani rulat ions reievani tc the regulation c: 
body weight anc cr eating. Addi t : c na 1 ly , proteins termec 
^pathway prcte:ns' are describee wnich interact witn 
proteins mvclvec m regulation c: cody weight and/c: 
eating. I^etncc: rcr the ident i f : : a 1 1 on of such 
fingerprint ta:::et and pathway prciems are alsc 



Ficures snc w D l P s v; h i 

mcuse adipcse tissue relati 
tissue, and CEP? which are 
a G "i o c s e tissue r e 1 a 1 1 \^ e t c 



described. 

Described below are methods Icr the identification of 
ccmpcuriGi , whici:. rnoduiate vru- expression cf proteins, 
jr:vc:ivec in trie leguiaticn c: body weight and/ci eating. 
Aoditicnally described below are methods for the 
treatment cf body weight and/or eating disordered states 
including, but not limited to, obesity. 

Also discussed below are miethods for prognostic and 
diagnostic evaluation cf body weight and/or eating 
disordered states and for the identification of subjects 
exhibiting a predisposition to such disorders and for 
identifying the most appropriate therapy for such 
individuals . 

1 . Identification of differentially expressed and 
pathway proteins 

In one embodiment, the present invention concerns methods 
for the identification of proteins which are involved in 
body weight and/or eating disorders and/or which are 
involved m obesity. Such proteins may represent 
proteins, which are differentially expressed in body 
weight and/or eating disordered states relative to their 
expression in normal states. Further, such proteins may 
represent proteins that are differentially expressed or 
regulatec m response to mianipulat ion relevant tc 
modulating body weight and/or food intake. Such 
differentially expressed proteins may represent 'target' 
or 'fingerprint' proteins. Methods for the 
identification of such proteins are described in section 
1.1. Metnods for the further characterisation cf such 
differentially expressed proteins and for thei: 
identification as target and/or fingerprint proteins are 
presentee below in section I.i. 
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' Ci f I eren ^ la I expression , as usea nerem, rerers t-c oczt 
qualitative as well as quantitative differences m 
protein expression. Thus a c : f f er en t i a 1 1 y expressed 
protein iT;a\- qualitatively nave its expression activatec 
or corr.pjetely inactivateo :n normal versus bocy weight 
and/or catinc disordered state or under control versus 
exper i.Ttent a 1 conditions. Sue:: a qualitatively regulated 
protein will exhibit an expression pattern within a give: 
tissue or cell type, which :s detectable m either 
control or body weight and/or eating disordered subject, 
but not cetectablG in both. Alternatively, such a 
qualitatively regulated protein will exhibit an 
expression pattern within one or more cell types, which 
is detectable in either control or experimental subjects 
but nor oetectable in both. 'Detectable', as used 
herein, relers to a protein expression pattern, which is 
detectable oy the technique cf differential display 2D 
electropnc r esis , w^hich are well known to those of skill 
m the ar: . 



A.I t erna 1 : '/e 
have It? l:< 
increase o c 

eating c - > 
exDerimei* r- 



ly, a differentially expressec protein may 
pression modulateo, i.e. quantitatively 
r decreased, in ncrmal versus bocy weight or 
ider states or unier control versus 

conditions. Tn- ^earee to which expression 



cifrers ir; normai versus body weight and/or eating 
disordered states or control versus experimental states 
need only be. large enough to be visualised via standard 
c:^;.c. : <:.r; t^rn sat i cr: ■.echn:qucs, such as silver staining c^7 
r : -t. . ect. rophioret : c gtl.^. Other such standard 
chai acteri sation techniques by which expression 
differences may be visualised are well known to those 
skilled in the art. These include successive 
chromatographic separations of fractions and comparisons 
of the peaks, capillary electrophoresis and separations 
usinc mr c r o- chdiine 1 networks, including on a miicrochip. 

Chromatographic separations can be carried out by high 
performance liquid chromatography as described in 
Pharmacia literature, the chromatogram being obtained in 
the form, of a plot of abscrbance of light at 280nm 
against time of separation. The material giving 
incompletely resolved peaks is then re~chromatographed 
and so on . 

Capillary electrophoresis is a technique described in 
many publications, for example in the literature ''Total 
CE Solutions'' supplied by Beckman with their P/ACE 5000 
system. The technique oepends on applying an electric 
potential across the sample contained in a small 
capillary tube. The tube has a charged surface, such as 
negatively charged silicate glass. Oppositely charged 
ions (in this instance, positive ions) are attracted to 
the surface and then mugrate to the appropriate electrode 
of t::e same polarity as the surface (in this instance, 
the cathode). In this electro-osmotic flow (EOF) of the 
sam.pje, the positive ions move fastest, followed by 
uncnaraed material and r:egatively chargec ions. Thus, 
prciems are separatee essentially according to charge on 
then. . 



: - ::r.^:.:\'i 1 r.v * v; : r : e rr.ev/r.a : lirie capillaries 

c: r". 1. 15*. IS ■? I 1 rr.e i. iz y p r. i *. i 6 ^ 3 1 1 c r. i i r. c c - yrr.e r 1 1 
r:.:^ter:3l. Ii- i.r.:r : e ir:r:i i:ue , V*." l^sei :5 usee 
ier.e:-aie m^i. er.erey lii:r:i r:ilse5 :.hai are fired ir. 
;:::i;-i^ zr.\: cily::.er5 :\ai'i:i^ suiiaii^e 1"\' abscrpticr. 
:::.a : a 1 : c. : 1 s 1 ^ •.; , 1 1 : e:-:ar:rz :: c 1 ye i hy 1 ene i ereph rha 1. a i e 
ir cc 1 \'ca rcc na u . Ine iriciaeni cncrcns creak chemical 
ccr.OE \-:izr. a ccnrmed space, leacir.G zc a rise ir 
::iierr.al cressi::^.. , mini -explosicne anc ejection of t,nc 
ariared m.aterial, -eavmc berind vcics which form micrc- 
chanrels. The micro-channel material achieves a 
seoaration basec on ECF, as for capillary 
elect ropnoresi s . iz is adaptable to micro-chip form, 
eacn chip havmc :ts own sample injector, separation 
column ano el ec t r c cnemica 1 detector: see J.S. Rossier e: 
al, 1995, Elect rcpncresis 20: pp. 72'^-751. 

Differentially expressed proteins miay be further 
described as target proteins and/or fingerprint proteins. 
'Fingerprint proteins', as used herein, refer to a 
differentially expressed protein v;hose expression pattern 
miay be utilised as part of a prognostic or diagnostic 
body weight and/or eating disorder evaluation or which, 
alternatively, m>ay oe used in methods for identifying 
oomipounds useful :cr the treatment oi body weight and/c: 
eating disordered states. A fingerprint protein may alsc 
have characteristics of a target protein or a pathway 
protein . 

'Target protein', as used herein, re:ers to a 
differentially exriesseo protein involved in body we: on* 
and/or eating d:^croered states and.c: obesity such tha^ 
modulation of tne -evel or activity c: the protein miay 
cct to prevent z:.-- oevelopment of tnt- disordered stazcz 
including, bui nc: limiited to, obesi:\. A target prote::. 



may also have the characteristics of a fingerprint 
protein or a pathway protein. 

: . : Methcc fcr the identification of differentially 
expressed proteins 

A variety ci methods may be used for the identification 
of proteins, which are involved in body weight and/or 
eating disordered states and/or which may be involved in 
obesity. Described in Section 1.1.1 are several 
experimental paradigms, which may be utilised for the 
aeneraLioii c;^ :i uuj l , ctnu ^oiupxcro, vviij-i^ii nn-^j j^v^ ^^^^ 
for the identification of such proteins. Material from 
the paradigm control and experimental subjects may be 
characterised for the presence of differentially 
expressed protein sequences as discussed below in Section 
1.1.2. 

1.1.1 Faradioms for the identification of 

differentially expressed proteins 

Among the paradigms that may be utilised for the 
identification of differentially expressed proteins 
involved in body weight and/or obesity disordered states 
are paradigmis designed to analyse those proteins that are 
differentially expressed between normal and body weight 
and/or eating disordered states including, but not 
limited to, obesity. 

In one embodiment of such a paradigm tissue from normal 
and body weicnt and/or eating c:sorder subjects would be 
compared. "^'czt. subjects coulc include, but would not be 
limited to, subjects with obesity. It could also involve 
a comparison of normal subject- and subjects who have 
resisted the aevelopment of cDes:ty despite overfeeding. 
Appropriare :.:ssues would inciuce, but not be limited to, 
blood and ad:ocse tissue. It could also include pest- 




-i.:-.ezzctir ' accnists, exercise ar.c zherracger.! c cruc^ 
such as t-.-acrenccept or agcnisrs. 



Ir. a further paradigm, wnicn may ce utilised for the 
rcentif : cat: on cf ai f f erent i a 1 ] y expressed proteins 
irvcivea r r. cocy weight ana/cr eating disoraers are 
paradiams cesicned to anajyse these proteins which may ce- 
invoivec i r. cenetic moaels c: cLes:ty. Accordingly, sucn 
paradigms are referred to as 'genetic obesity paracigmis' . 

In the case cf m.ice, for exam^pie, such paradigmis may 
identify trie proteins regulated either directly or 
indirectly by the ob/ob, db/db, tub or fat gene procucts. 
In rats such a paradigm may iaentify proteins regulated 
either directly or indirectly by the fa gene product. 

In one embodiment of such a paradrgmi, test subjects m^ay 
include ob/cr, db/db, tub/tub cr fat/fat experimental 
mice and lean littermate controls. Test subjects could 
also induce :a/fa and miale anc :emale ZDF rats. Famiples 
of tissues sucn as skeletal muscle, whole brain, 
hypothalamus, adipose tissue anc l:ver would be or: a: nee. 
The examiCle^- :. elcw demonstraie : use of such cen^t:c 
paradigm.s :x :centifying prcte::".5- which are 
differential - y expressed m crvs- animals versus ncrmal 
animal s . 




: r. addjitjonal embodiments, ob/ob, db/db, tub/tub and/or 
fat/tat. mice and/or fa/fa and ZDF rats and lean contrcl 
animals and inbred or outbred strains of rodents may be 
t reatec v;.i t 1": drucF t hat reduce body weioht, particularl\* 
1 bcc'-.' :at mass. Such drucs include, but are not limited 

tc, appetite suppressants such as sibutramine, 
fenfluramine, NPY antagonists, melanocort i n-4 receptor 
accnists, orexin antaaonists, MCH antagonists, 
thermooenic drugs such as b-.-adrenoceptor agonists and 
10 anti-obesity agents such as leptin, leptin mimetics and 

other c V t c k i n e s such as a x c k i n e . Such a p a r a d i om. a 1 1 o V7 s 
the identification of target proteins. 



In a further additional embodiment, ob/ob, db/db, tub/tub 
15 and/cr fat/fat mice and/or fa/fa and/or ZDF rats and lean 

controls or inbred or outbred strains of rodents may be 
offered dietary treatments to either worsen the obese 
state or reduce the level of obesity or tc identify 
animals that resist dietary obesity. For example, either 
20 lean or obese animals could be provided with a high fat 

diet to exacerbate the obese state. 



In one embodiment of such a paradigm, Sprague Dawley rats 
would be fed on a high fat diet or a cafeteria diet 

25 consisting of human snack foods. Some of the rats become 

obese whilst others resist obesity. Thus, this paradigm 
can be used to select proteins that are associated with a 
predisposition to the development of obesity and to 
proteins associated with an ability to resist dietary 

30 obesity. This paradigm, can be further refinec by 

incorporating drug treatment or exercise paradigms. 
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In anctner embodiment of this paradigm, obese rodents 
that nac oeen weight reouced by dietary restriction would 
be allowed access to ad-iintum food whilst a control 
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weicht 



;:se arc; tre rare ra:. ;_cn*irar : scr r: r a:.^:.^^^- 
.aural diet: arc rrcse fed cr a labcratcry die* 

cert : f icaricr cf prcteirs associated v;ith boG^_ 
iiscrders and obesit\'. 



A particc:.ari y important tissue with respect tc the 
centre 1 c : ieedirc behaviour and the regul a 1 1 o-r: of energy 
balance- is the hypctha i arriui . It is clear that many 
substances act in this area c: the brain to regulate 
feeding and/or energy balance. These include 
catecholamines, serotmergic agents, leptin, crexins, 
mielanooyte concentrating horm.one, melanocortin receptor 
agonists and antagonists. Ii is also clear that there 
are ccmxlex interactions between these various 
substances . 
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Howevei, no systematic evaluation of the changes m 
Droteir compos i 1 1 on of the rypot ha 1 amus and It? 
const: tueri nuclei, whicr. unaeriay the change? in feeding 
behavicu: , has yet been urcertaken. Thus, in a further 
embod:r.6rt, hypothalami c nuclei from feo v fasied 
rodents; sated v non-sated rodents; obese v lean rodents; 
fat pr€:^.rring v non-fat rreierring rodents may ce usee 
tc :cer:::y the hypot ha 1 an.: r protein pattern? associatec 
with r:a::icular feeding beravrours. 



In add:::cr tc whole anima. studies, paradigm? include 




2 i. 

systems m which isclated cells such as adipocytes, are 
incubated in viti-c with agents such as leptin. 

Z . 2 . 7 Analysis o f paradicpn material 

:n c]oc: L." jc:ent::y c: ^ 1 e rer t i a 1 i y expressed proteins; , 
tissues trcm subjects utilised in pa^'adiams such as those 
described above in i.I.i are obtainec. in addition, 
bjccd and body fluids may be analysed sance the 
di I f erent i al ] y expressed proteins might be released intc 
the ' ci r aula t ions . 

Whole tissue or isolated cells may be used. Sub-cellular 
fractions of cells might also be used. Particularly 
useful sub-cellular fractions include the nuclear protein 
fraction . 

1 . 2 Methods for the identification of pathway proteins 

Methods are described nerein for the identification of 
patnway proteins. 'Pathway protein', as used herein, 
refers to a protein which exhibits the ability to 
interact with differentially expressed proteins involved 
in body weight and/or eating disorders and/or to interact 
with differentially expressed proteins which are relevant 
to obesity. A pathway protein may be differentially 
expressed and, therefore, may have the characteristics of 
a target and/or fingerprint protein. 

Any method suitable for detecting protein-protein 
interactions may be er-.ployed for identifying pathway 
proteins by identifyi:;C interactions between proteins anc 
proteins known to be differentially expressed in body 
we:cht and/or eating disordered states and/or obesity 
regulation. Such di f : erentially expressed proteins may- 
be cellular or extracellular proteins. Those proteins, 
w:.:ch interact with such differentially expressed 
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■•1:. c£. icBr. 1 1 1 iGCi, c: pG"cr/v\Gy prccGir. r^LC 
jsec, ir. cc l:::ci : : :. v;::.:. standard t,ecr:r:iGues, tc 
: ::o:".i : : •.' : : r : r : : r r : r. : :. i:a:. :".v;ay cei.t. rcr example, a 
^v^af: a ncr^ic:: :: v:.- a:r>i:;c acic; seq;:e:;ce c: the pat:\wa 
cer.-:. prccuct may ce ascertained using techniques well 
r:r^c\<r\ tc these of skill in the art, such as via the Edma 
aecradation technique (see, e.g. Creighton (1983) 
^Frctems: Structures and Molecular Principles', W.H. 
f>'eerTLan 6 Cc . , K . . , pt . 34-49;. The amino acid sequenc 
cxtainec ma\' be usee as a auide for the generation o: 
c : ccnucj-ectide mixtures tnat can ce usee to screen ic: 
painway gene sequencer. Screening miay be accomplished, 
rci example, by stancarc hybridisation or PGR techniques 
lecnniGues for the Generation of oligonucleotide mixture 
anc the screening are well-Known (see, e.g. Ausubel, 
supra, and PGR Prctoccls: A Guide tc Methods and 
Applications (1990; Innis, K. et al . , ecs . Academic Pres 
Inc. , New Yor k ) . 



Cne miethod, which detects protein interactions in vivo, 
tne tv;c-hybrid syster., is described in detail for 
illustration only anc net by way of limatation. One 
version of this syster. nas been describee (Chien et al 

:rri: Proc. Natl. Acao. Sci . USA, 88, 9t^"8-9582) and is 
r i:: -.erciall V availarl:. ircm Glcntech (Fal: Altc, Calif.. 
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: system, prasmicb are 
wc hvbrid proteins: one 



:sts of the DNA-h : ndmc domiain of a transcription 
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activator prcteir lused tc a knov;n protein, in this case, 
the cii f 1 ereTit J a I ^ y expressed proteir. Known tc be invcuved 
in body weicht and/ or eatinc disordered states and/o: 
obesity ieGi:iai:cn, and tht' c:i:c: cciisists cf th^ 
: Lianscrip tion activator prott:r:'s activation domaiii i usee. 

to an unknown pictein that is encoced by a cDNA which has 
been reccmbined intc this plasmid as part of a cDNA 
library. The p^asmids are transformed into a strain c: 
the yeast Saccharomyces cerevisiae that contains a 

IC reporter gene (e.g. lacZ) whose regulatory region 

contains the transcription activator's binding sites. 
Either hybrid protein alone cannot activate transcription 
of the reporter gene: the DNA-binding domain hybrid 
cannot because it does not provide activation function 

1^ and the activation domain hybrid cannot because it cannot 

localise to the activator's binding sites. Interaction 
of the two hybrid proteins reconstitutes the functional 
activator protein and results in expression of the 
reporter gene, which is detected by an assay for the 

2C reporter gene product. 

The two-hybrid system or related methodology may be used 
to screen activation domain libraries for proteins that 
interact with a known differentially expressed 'bait' 

25 protein. Total genomic or cDNA sequences are fused tc 

the DNA encoding an activation domiain. This library and 
a plasmid encoding a hybrid of the bait protein product 
fused to the DNA-binding domain are co-transformed into a 
yeast reporter strain, and the resulting t ransf ormant e 

SC are screened fcr those that express the reporter gene. 

For example, anc not by way of iimiitation, the bait gene 
can be cloned into a vector such that it is 
translationally rused to the DNA encoding the DNA-bincing 
domain of the GAL4 protein. These colonies are purified 

3t and the library ciasmids responsible for reporter gene 



^ c: i:: 



L r a n s I c r h'lC c c ^. c r, c v; 1 1 r. 
inrc a yeas;, strain, whi 
a prcmoter wrich ccnram 



." 1' a 1 sez i. : ■ t r. e a \ . 
sysierTi aescribed hereir., : 
car. ce ir.sertec mtc a ve: 
.cr.ally fused tc the 
Tr.is library can be cc - 
:a::.-Gene GAL4 fusion piasr 
:cntains a iacZ gene driver 
it4 activation seouence. / 



cDNA encccec crctem, fusee ic activation acmam, 

thai interacts with cait cene rrcoucr will reconst:tuie 
an active- GAL^ prctem anc merecy crive express: cr. c: 
tne lacl cer.c , Colonies wn:cn express lacZ can c 
detected cy their blue cclcr m the presence of X-cal. 
The cDNA can then be purified frcm these strains, anc 
used tc produce and isolate tne bait gene-interact mc 
protein using techniques routinely practised in the art. 

Once a patnway protein has been identified and isolated, 
it may be further characterised as, for example, 
discussed below, in Section l.>. 



1 . 3 Chara c 1 e risation of di ffe i e ntiallv expresse d and 
pathway pro teins 

Dif f erent 1 a^ expressed prcitins, such as those 



.dentifiec ":a the methods 



^ ussed, above, in Section 
nway genes, svcr. ^ tnose identified via the 
ussed, above, : r. ^^rticn 1.2, above, c.^ v;ei: 
ntified b\' a 1 r e : n s'. : ve means, miay te rurther 
cnaract er : 5- - i: cy utilismc, ::: example, methocr seen as 
these Gisiv: 5-eG nerein. Sucn : i 
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tc herein as 'identified proteins'. 

Analvsee sucn as those aescribed herein, yieic 
inlormalion regardinc the bicloqical function of the 
i .laer.liiiec proteins. an assessment of the biological 

turicticn of the differentially expressed proteins, in 
addition, will allow for their designation as target 
and/or fingerprint proteins. 

IC Specifically, any of the differentially expressed 

4^ ^ ^ ^ ,,\^^^^ -Fn>-+-Hov- h ;^ -r ;=i r^t r -i c;;=^-t- i on indicates that a 

modulation of the proteins expressed or a modulation of 
the proteins activity may ameliorate any of the body 
weight and/or eating disorders will be designated ^target 

15 proteins', as defined above, in Section 1. Such target 

proteins, along with those discussed below, wil] 
constitute the focus cf tne compound discovery strategies 
discussed below, m Section 3. Further, such target 
proteins and/or moduietmc compounds can be used as part 

20 of the treatment and/or prevention of body weight and/or 

eating disorders and/or obesity. 

Any of the differentially expressed proteins whose 
further characterisation indicates that such modulations 

25 may not positively affect body weight and/or eating 

disoroers, but whose expression pattern contributes to a 
protein 'fingerprint' pattern correlative oi, for 
example, a body weight and/or eating disordered state, 
will re designated a 'fingerprint protein'. 'Fingerprint 

3C patterns' will be more fuiiy discussed beiov., in Section 

7.1. It should be nctec that each of the target proteins 
may also function as fmcerprint proteins, as well as may 
all cr a portion of the pathway proteins. 
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It Er.c\ssc further be noted that the pathway proteins may 
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• ccrr.ccu:".c disccvery stranecie? 
. J ar:c can usee as part c: 
irec ir. Secticn 4, oelcw. 



I: srculc be aoditjcnallv nctec that the characterisation 
c: cne cr more c: the patnway proteins may reveal a lack 
c: G:::erentioI expressicn, tut cviaence tnat modulation 
c:' tne cene's activity c: express:-: m.ay, nonetheless, 
ameliorate body weight anc/or eatmc disoroer symptoms. 
In such cases, these cenes and gene products would also 
be considered a focus c: tne compound discovery 
stratec^es of Section 3 below. 



In instances wherein a patnway proteins cnaracterisation 
indicates that modulation of gene expressicn cr gene 
proGuci activity may not positively affect body weight 
and/or eating disorders c: interest, but whose expression 
is differentially expressed and contributes tc a gene 
express-on fingerprint pattern correlative c:, for 

body weight anc.or eating disorcered state, 

lonallv be des:cr.atec as 



examii: 
such 

f I nee rr r mt genes 



r.atnv;a\* aenes miay acctt 



re ut 
c prote 
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ilised tc :urtner 
ins. F 1 r ^ t , the 
of the :centifiec 




proieir: may be cb'-^aineo by utijisina standard techniques 
we^] known tc those or skill m the ari., may, for 
example, be used reveal homicloaies tc one or more 
Kncwn sequence vac \ i 1 ^- which may yield :nfcrmatior 
lecaidiriC the bicloc:cal function cf tnc- identified 
protein . 

Secondly, the biolocical function of the identified 
proteins may be more directly assessed by utilising 
relevant in vivc and in vitro systems. In vivo systems 
miay include, but arc not lim.ited tc, anim.al system.s, 
which naturally exhibit body weight and/or eating 
disorder-like symptomis, or ones which have been 
engineered to exhibit such symptoms. Further, such 
systems may include systems for the further 
characterisation cf body weight and/or eating disorders, 
and/or obesity, and miay include, but are not limited to, 
naturally occurring and transgenic animal systems such as 
those described above, in Section 1.1.1, and Section 
2.2.1 below. In vitro systems may mcluoe, but are not 
limited to, cell-based systems comprising cell types 
known to be associated with energy storage and 
mietabolism. Such cells may be wild type cells, or may be 
non-wild type cells containing modifications known to, or 
suspected of, contriDuting to a body weight and/or eating 
disorder of interest. Such systems are discussed in 
detail below, in Section 2.2.2. 

In further characterising the biological function of the 
icentified proteins, the expression ct these proteins may 
re modulated within tne in vivo and/or :n vitro systems, 
:.e. either overexpr essed or underexpr essed in, for 
examiple, transgenic animals and/or cell lines, and its 
suosequent effect on tne system then assayed. 
Alternatively, the activity of the identified protein miay 
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:e crcteir. :: 

5'. ^.:rt:.e:-, relevar.:: -e-hccs :cr me ccnrrcl c: 

: ::vcl VI :: rr.:*:e:r. cf ir.terest. r\5y be 

reci c\' i.r.ic rr:.az 1 cr. cbzainec ircir. su 

ten sat.: c:.^ . :• c r exampie, trearmeni may include a 
ricn cf crcreir. expression and/cr prctein activity 
terisation prccecures such as those described 
ein ina\- mcicare wnere such modulation should involve 
increase or a oecrease m tne expression or activity 
xz.rcteir ci inierest. Sucr: mietnocs cf treatmen: 
oisc'ssseo oelcvw in Section - . 



2 . Differentially expressed and pathway proteins 

Zcentified proteins, which include, but are not limited 

, differentially expressed proteins sucn as those 
icentified in Section I.i above, and pathway proteins, 
s\:.cn as those identified m Section 1.2 above, are 
cescribed herein. Specifically, the ammo acid sequences 
c: such identified proteins are describee. Further, 
ar.iiDodies directec acainst the identified protein, and 

and animal -irasec models by which tne identified 
r:.:teins may be furtner characterised anc utilised are 
a. so discussed in tn:s Section. 

2 . : Antibodies sp ec- f ic for differe nt! a l ly expressed or 
p 5 t hway proteins 

i'-cribed herein aiv "c-thods for the prccuction of 
a:.-ioodies capable c: snecifically recccnising one or 
: differentially -yzresseo or pathway protein 



epitope^:-. Such antibodies rriay include, but are not 
limited to-, pclycional ant ibodie^:^ , monoclonal antibodies- 

(mLAbs;, humanised or chimeric antibodies, single chair. 
c::.i i bodi e^i , Fat: i:acment^-, r:a!;'^ fragments, fraament5 
}-:oc;urec ry c- TAb express: c:": iirr ary, ant i -idi otypi c 

(anti-Id; antibodies, and epi tope-binding fragments of 
any of the above. Such antibodies may be utilised as 
part of body weight and/or eating disorder treatment 
methods, and/or may be used as part of diagnostic 
techniques whereby patients miay be tested for abnormial 
lcvcl*~^ of finocrprint, taroet, or pathway gene proteins, 
or for the presence of abnormal forms of such proteins. 

For the production of antibodies to a differentially 
expressed or pathway protein, various host animals may be 
immunised by miection with a differentially expresseo or 
pathway protein, or a portion thereof. Such host animiais 
may include, but are not limiited re, rabbits, mice and 
rats, to name but a few. Various adjuvants may be used 
to increase the immunological response, depending on the 
host species, including active substances such as 
lysolecithm, plurcnic polyols, polyanions, peptides, oil 
emulsions, keyhole limpet hemocyamm, dinitrophenc 1 , and 
potentially useful human adjuvant such as BCG bacilie 
Calmette-Fuer i n ; and Corynebacter i um parvum. 

Polyclonal anticodies are heterogeneous populations ci 
antibody molecujes derived fromi the sera of animal^: 
immunised with an antigen, such as target proteins, or an 
antigenic functional derivative thereof. For the 
production of riclyclonal antibodies, host animals sucr: as 
those descricec aoove, may be iirji/unised by injection with 
differentially expressed or pathway protein supplem.ent ec 
with adjuvants as also described acove. 
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Therapy, ^ 
may oe ct 
1 gE , 



N-oncclcnal Ar.ticcdies and Cancer 



.an h. Liss Inc., pp. """-96.. Such antibcdie; 
in\- : :TLn,unoGl cbul m clase includinc laG, Icr-:, 
oA, ]g: anc any subciass tnereof. The hycriacma 
producing tne ri.Ar: c: tnis mventicn may be cultivated i: 
V 1 1 1' c c 2 in \ _ v e . r r c> o u u J. i . ^ i * ^ y w ^. ^ - ^ ^ i . . ^. . . 
VIVO miaKes th:5 tne presently preferrea methoc cf 
production . 



In addition, tecnniques developec icr the production 
'chimeric antibodies' (Morrison, et ai . , 1984, Froc. 
Natl. Acad. Sci . £1: 6851-6855; Neuberger, et al . , i 
Nature 312; 604-608; Takeda, et al . , 1985, Nature 3 2 
452-464: by srlicmc the genes from a miouse antibooy 
molecule of appropriate antigen specificity together 
genes from« a nur.an antibody moleculie of appropriate 
biological act:v:ty can be used. h chimeric antibody 
a molecule m v;n:cn different portions are derived i: 
different an:n.a.. species, such as : nose having a var: 
recion derivec ::cm a murine mAr a:.c a human 
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98 4 , 
wi t h 



a c - e 



immiunoG^or^. 



:nt recion, 



A ± t e r n c 1 1 \' e ^ \ , 
single chair, an" 
1988, Science : - 



cnniques oescr : 
::'OGies (US Fat. 
: 423-426; Hus 



: or the prccuct : 
4,946,778; E i : c. 
et ai., 1988, ? 



Natl. Acac. Sc: . USA 8r: 5b^!:^-5&83; and Ward, et al., 
Nature jj^: 544-b4(: can be adapted to produce 
differentially expressed or pathway prctein-si nai c-^ chain 
anliic-d2<^. Sznc^le chain antibodies- are fcrn:ec i^y 
: :.:nk_.nv:: : i.^ ntcivy caIiC licr.: ona:r". ■ : acnicnt r ci : n^ F\- 

recion vl^; ari ammo acrd bridoe, resulting m a single 
chain pel ypeptide . 

Antibody :iac:ments, which recccn: se specific epitopes, 
jC ma\'*be aericrated by known techniques. For example, such 

f r a Gme nts include, but are not limited to, the F(ab*) 
fragments which can be produced by pepsin digestion of 
the antibody molecule and the Fab fragments which can be 
generated by reducing the disulfide bridges of the F(ab') 
15 fragments. Alternative, Fab expression libraries may be 

constructed (Huse, et al . , 1989, Science 246: 1275-125] 
tc allow rapid and easy i aen t i i i cat i on of monoclonal Far 
fragments with the desired specificity. 




2 C 2.2 Cell- and animal -based model systems 

Described herein are cell- anc animal-based systems, 
which act as models for body weight and or eating 
disorders. These systems may be used in a variety of 
applications. For example, the animal-based model 

25 systems can be utilised tc ioentify differentially 

expressec proteins via one of the paradigms described 
above, in Section 1.1.1. Ce:l- and animal-basec model 
systems may be used to furthe: characterise 
differentially expressed anc pathway proteins, a? 

3C described aoove in Section l . 1- . Such further 

characterisation may, for example, indicate that a 
differentially expressed prctein is a target protein. 
Second, sucn assays may be utilised as part of screening 
strategies cesigned tc ident::y compounds which are 

:i capable c: ameliorating bocy -weight and/or eatmc 



cotent ic 
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2.2.1 Animal -based systems 

Arirris: -cased model sysier.s c: dcgv weicn 
3-^c^-3er5 iT.a\- lncI.l:c^. , r^:: are nor iirr-tec ic, non- 



and / or eatmc 



reccrT\b2 nant and enG::nee:ec rransgenic anin:\a--. 

Ncn'reccn\binant anin-.a: r:>caeis icr body weicM and/cr 
eatmc disorders may incluce, for example, cenetic 
models. Such aenet:c rocy v;eight and/or eaiinc disorder 
models may include, rcr example, mouse m.ocels of obesity 
such as miice homozygous :cr the autosomial recessive ob, 
db, tat or tub alleles. Zt could alsc include rat 
models, for example fa/fa rats. 



Nor-: ecomLbmant, non-genet:c animal models cf body weight 
anccr eating discroe: r.ay include, for exan\ple, rats or 
mice :ed on a diet ccniazninc a large amount cf fat. 
Sue:. c:ets could be syr* retire diets in wh: cr the fat 

Vc'. -;:e is more than ^ C . 



ccn: 



(by caicrif:^ 
.at : ve human r c ; 
and butter, m< 



nrcvided to tne a: 



Ac::: \ - cna^iy, animc- ... 
eat:r:: crscrcer-lrKe sy 
ut:!:: mc, for examip..'^, 



Is exhibitinc bccy weight and/cr 
'cms may be engir.^ered by 
r.e aene seauencee target 



3^ 

proteins such as zhcse described above, in Section 2, i:\ 
conjunct icn with techniques lor producing transgenic 
animals that are weli known to those of skill in the art. 
Fc: exaiTiple, ccne sequences cf target proteins may be 
:nLroGuc-cc jiitc, and cverexrressed an, the genome of the 
animal c: iriterest, ci, il endogenous gene sequences of 
target proteins are present, they may either be 
cverexpressed or, a ] t erna t i vel y , may be disrupted in 
order tc underexpress or inactivate gene expression of 
IC target proteins. 



In order to overexpress the target gene sequence of a 
target protein, the coding portion of the target gene 
sequence may be ligated to a regulatory sequence, which 
1^" IS capable of driving gene expression m the animal and 

cell type cf interest. Such regulatory regions wii: r-: 
well known to those of skill m the art, and may be 
utilised m the absence of undue experimentation. 

20 For underexpression of an endogenous gene sequence of a 

target protein, such a sequence may be isolated and 
engineered such that when reintroduced into the genome cf 
the animal of interest, the endogenous gene alleles cf 
the target protein will be inactivated. Preferably, the 

25 engineered gene sequence of the target protein is 

introduced via gene targeting such that the endogenous 
sequence is disrupted upon integration of the engineered 
target gene sequence into the animal's genome. 

3C Animials of any spec:es, including, bui not limited tc, 

mice, rats, rabbits, guinea pigs, pice, mini-pigs, goat^ 
and non-human pri.T:ates, e.g. baboons, squirrel, monkeys, 
rnesus mionkeys anc chimpanzees miay be used to generate 
ccdy weight and/c: eating disorder animal models. 
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lav 1 1 r r. c e t g ^ . , 
eview cf sucr t;ecn 



; anc soer--rTieGiat ec aene ::ransfer 
1?'69, Cell 5"^: ":"-723); etc. For 
^.iGues, see Gcrdcr., 1 98 9, Transaenic 



1 cresent inver.tJic:. provices 
nai carr\' rhe trariscene m all 



1' t- 2 c : . s c e n 1 ^ g n 1 1 l t a ^ . 
heir cells, as well t.t 
animals which carr\' the transgene in seme, but not al- 

cells, i.£. mosaic animiajs ('see, for example, 
lechniques descrirec by Jakobcvits, 1994, Curr. Eio^. ^: 
'tl-763;. The transaene may be intecrated as a single 
-.ransgene or in ccncatamers, e.g. head-to-head tandems o: 
:-.ead-to-tail tander.s . The transgene may also be 
selectively intrcduced into and activated in a particu-.a. 
:ell type by fclicw:nc, for example, t ne teaching cf 
:asKO et al. (Lasr.., K. et al . , 199:., ^-rcc. Natl. Acac. 
:ci. USA 89: £2 3 f - ( l 3 6 ; . The regulatory sequences 
i-f-cuirec to sucn a cell-type specific activation wil. 
-i:.end upon the particular eel] type c: interest, anc 
>.-.:: be apoaren: incse of skill : : r^e art. 



. It IS Ges::'e c 
^crated mtc i:- 
: e t c e n e , c e r. *:■■ 
. a tech ni cue : 



~:ir cmioscma ^ s : t e 
rcet mc is pre: e 
- c oe ut i 1 1 sec , 



transgene oe 
the endC'genou5 
. Briefly, wne: 
tcrs containing 




some nuclectice sequence? hcmciocous tc the aene ci the 
endoaenous tai-oet protein of interest are desiqnea ior 
trie purpose of :nteGratinG, via ::omcloaous recomfc i na t i or. 
v;:th chrome soma] sequences, :nto and disrupt inc the 
: unc: :o:. : , t nucleO'tioc si cue:-;c^o of the enGooer:ci:s 
taj'cel gev.^ . The transaene n\ay aisc be selective]'/ 
introduced ante a particular ceii type, thus inactivatinc 
the endooenous oene of interest :r only that cell type, 
by fcllowinc, fci" example, the teachina of Gu et al . (Gu, 
H. et al., 1994, Science 265: 103-106). The regulatory 
sequences required for such a cell-type specific 
inactivation will depend upon the particular cell type of 
interest, and will be apparent tc those of skill in the 
art . 

Once transaenic animals have been generated, the 
expression of the recombinant target gene and protein may 
be assayed utilising standard techniques. Initial 
screening may be accomplished by Southern blot analysis 
or PGR techniques to analyse animial tissues to assay 
whether integration of the transgene has taken place. 
The level of mRNA expression of the transgene in the 
tissues of the transgenic animals may also be asses sea 
using techniques which include, but are not limitec to. 
Northern blot analysis of tissue samples obtained froiTi 
the animal, i n situ hybridisation analysis, and RT-PCR. 
Samples of taioet protein-expressing tissue may aisc be 
evaluated iirinvuriocytochemica 1 1 y using ant i bodies specific 
for the transgene protein of interest. 

The target pictem transgenic animals that express target 
gene mRNA or target protein transgene peptide (detected 
immunocytocfiemi cally, using antibodies directed against 
target protein epitopes) at ea^ii-y detectable level: 
should then l f: further evaluatec to identify thos*^ 
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anc cc:T.pa r : s cr~ tc Kr.cv;:. lincerprmt expressicr. 

profiles cr me particular cell type in animals 
exhibiLinc ccay weight ana/cr eatinc disorders. Sue:. 

transaenic a:".:r.als serve as suitacie model systems :c: 
boa\' weicr.:. a:;G/cr eatinc diso-rcers. 
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produced 

proteins 



1 € 1 r. t r a n s G e r. i c : c- u n o e r a n i iti a _L s a i' e 
tnose anim.als v;hicn express target 
IS or tissues or interest and which, 



preferably, exnicit symptoms of occy weight ana/or eai 
disorders:, tr.ey miay be brec, inbrec, outbred or 
crossbred to produce colonies of tne particular animia^ 
Examiples of such breeding strategies include, but are 
limited tc, outcreedinc of founcer animals with more : 
one integrat:c:; site in order tc establish separate 
lines; inbieeciriC of separate lines in order to prccuc 
compound tarce: protein transgenics that t ransgeni ca 1 : 
e X c r e s s tne \ l: ::et p r o t e i n of i n : e e s t at higher j e '/ e _ 
because of t:.- effects of additive expression of eac:. 
taraet gene ::^:nsGene; crossing c: heterozygous 
transcenic avir-:. !.s tc produce ar.:::.als homiozygcus :' : : 
Given inteGiG* :.. : :. site m 0 2"oe: : : ooth augmienn 
expression a:... eliminate tne r.c f y :. :.. e need for sc:e^^: 
of animals :: y : ::A analysis; cicf^l:.c of separate 
hom.czygous liv-r tc produce comircund heterozygous c: 



1 no 



not 
han 




hoincryocuF ]iries; breed: nc ar.imais to difterent inbrec 
aenetic bacKgrounds sc a? tc examine effects ct modi f vine 
alleles on expression of the target protein and the 
oc ^ <. : A ci rccy we^ch: L:.d/C2 eating di sc: oe:t -1 j r.t 
: syn;;.. ; ^ i:.^ . One sucn appicacn :s tc cross tne tarce: 

prctc:r. transgenic lounoer animals with a wild type 
strain ;c produce an f: generation that exhibits body 
weignt a.nd/cr eating discroer-li ke symptorriS, such as 
hyperpliag: c. , hypophaci^., coesity and leanness. Tne f: 
]C generatj.cn may then be mbrec m order tc develop a 

homozygous line, ii it is found that homozygous target 
protein transgenic animals are viable. 



2.2.2 Cell-based assay s 

15 Cells that contain and express target gene sequences 

which encooe target proteins and, further, exhibit 
cellular phenotypes associated with an obesity disorder, 
may be utilised to identify compounds that exhibit an 
ability to am.elicrate body weight and/or eating disorder 

20 symptcmis . Cellular phenotypes, which may indicate an 

ability tc ameliorate body w^eight and/or eating 
disorders, may include, for example, resistance tc 
insulin . 



25 Further, cell lines which may be used for such assays may 

also incjude recombinant, transgenic cell lines.. For 
example, the body weight and/ or eating disorder animal 
models c: the invention discussed above, in Section 
2.2,:, may be used to generate cell lines, containing one 

30 or more cell types involvec :n body weight and/cr eating 

disordeis, that can be usee as cell culture miocels for 
this disorder . While primary cultures derived 1 rem the 
body we:c:.t and/or eating disorder transgenic animals of 
the invention may be utilisec, the generation c: 

3 5 continuci:s cell lines is p: ^;: erred. For examples of 
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.cccencus cere 5^ecuerces c: zhe rarcer prcterr. 

:r^, the\- mav eirner re overexpres sec c: , 

vel\-, ce disructec :r. order to underexpress c: 
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o- V e r e X p r e s s a c: e r f^- b e o u c 1 1 u t -^^ ^ c: ^ . ^. .. 
rrt ccGinc pcrr:cr c: tre tarcet cere -ecuerc^ 
Gated to a recuiatcry sequence, whrch is capable 
c aene expressior :r the cell type of interest. 
Such recujatcry regions w: : 1 re well known tc tncse of 
skill ir tne art, and may i: ^ utilised m the absence ci 
undue experimentation . 
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W'hen re:: 
i n t e r e s , 
mact : vf:- 
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(fxcression of an ercccenous target protein the 
ence may be isolatec and engineered ^'ccr. that 
:rocuced into the cenome of the cell type of 

tne endccenou^ za:-^-r. gene alleles w: I j ne 
- . Freferabl*/, : engineered targe; gene 
:. t introduced v:a c:one targeting such mat the 
■ taroet sequence disrupted upon in: egraticn 
.::neered target ce:.- sequence into tne- cell's 
■^.^e tarcetmc :5 cussed above, :n section 



of tarcei ore:--:, gene sequence 



eic acic 



may re accomplished by utilisinc stanaard technique^^ . 
Sec, for example, husuoel , supra. i'ransfected 

ce:..5- should be evaluated for the presence of the 
r (- -.rr-^r z r\C:rr. taioe: ae-i.^ sequencer', lor expression and 
..• :--:r.L: a t : n cf ;ancr; cent mFN^,, and :c: the: presenc- 
r eccrr^.binant tarqer protein prcductior.. In instances 
wnerein a decrease :n rarcet protein expression is 
cesirec, stanaard techniques may be used to demonstrat 
wheinc-r a oecrease in enaoaenous target cene expressio 
an6:cr in target protein production is achieved. 

- ' Scre enlncr assays for compounds that interact with 
the target proteins 

The following assays are designed to laentify compound 
that bind to target proteins, bind to other cellular 
proteins that interact with a target proteins, and to 
comtpounds that interfere with the interaction of the 
target proteins with ether cellular proteins. Such 
compounds may include, out are not lim:iten ro, other 
ceijular proteins. Metnods for the identification of 
such cellular proteins are described below, in Section 



Ccm.pounds may include, iout are not limited to, peptides 
such as, for example, scluble peptides, including, but 
not limited to, Ig-taijed fusion peptides, comprising 
extracellular portions cf target protein transmembrane 
receptors, and members cf random peptide libraries (see 
e.g. Lam, K.S. et al., 1991, Nature 354: £2-84; 
Hcucnten, R. et a:., j^.-l, Nature 354: & - £ 6 ; made of 
anc/cr L-conf igurat 2 on ammo acids, phcspnopept ides 
(including, but not limited to, member c: random or 
partially degenerate, directed phosphcpept i de libraries 
se, e.g., Songyang, L. et al,, 1993, Cell l 2 : 767-778} 
anrirodies (including, rut not limited tc, polyclonal. 



leve^ c: tarce:. or 
activity m a ce_ 
weicht and/cr eatinc 



I : -rxa-.r. _ , : .-. elabcratir.c -jr.? 
: --.-.e -arcei prctem, ar.d ic: 

icr. resu-ts : rc.~ a lower cverai: 
prctem expressicr. and/or target prcteir. 
C6_^ cr tissue involved in such a body 

disorder, ccn-.pounds that interac 
with tne tarae: protein .T.ay incluoe ones which accentuat^ 
or amplify tne activity cf the ccunc target prcte::.. :„-c: 

ccrr.rounds wcu'c : - ■ p-n-- -> , - . 

^ - cou. c:i: e..fcct:ve increase ::. 

ieve: of tarcei protein activity, tnus amel i ora t i no 
symptoms. In instances whereby mutations withm the 
target cene cause aberrant target proteins to oe m,ace 
which have a ceJeterious effect tna: ieaas to a boov 
weight and/cr eating disoraer, ccmocunos that bma iarce: 
protein may be loentified that mhicit the activity c: ' 
the bound target protein. Assays for testma the 
effectiveness o: compounds, loentifieo by, for exampie, 
techniques sucr. as those describee 
t, ^-i. ^ -^^^-^sc^ tt.;.w, in Section j.- 
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u r i c 1 1 o n c'' t- h - 

screen, - c- ^ . P-^ote.r., may utilised ; r. 

«=,., .aent:,iyinc compound, th-t ^■ 

: = ;ce: c.-c-e,- disrupt ncrma; 

sucn interactions. " tnemseives dtsrupt 

The crinc;pie of the assays u^ed t^ ■ • 

that b.nc to the taraet p;ote ' -.oounds 

-----on mixture of t'he t L "^"'''^ ^"^"^'^ ^ 
cc^Pcunc under condUronr \.::?r '^^^'^ 
-^o. the t„o components to in eract n"! T"^"^"^ 
forming a complex „hich = 
the reaction mixture "'Th"" '"""""^ detected i„ 

variety ol „ays ro" exa "'^'^ ""^""^^ ^" ^ 

tor example, one method m ^ 

:«r:ui:r ::::r --t::^::::^:-^ 

-tein.est com;tn:s Zl-rraltlT:"- 

Pnase at tne end of the react. or m ' °' 

such a metnod, the taraet --bod.ment of 

solid surface and th ^^^^^^^ -to a 

race, and the test compound, wh... _ 

anchored, may .e labelled, e.ther directlT'o 

aarectly or indirectly. 

In practice, microtiter nl 

utilised as the solid pj I "^^^^"^ ^ 

be immobilased by non-cov-~ ' / ""^^^^^^ component may 

Non-covalent attach " attachments. 

attachment may be accomplished hv 
coatrng the solid surface w.tn a sol^t 

and dryinc. Alternate . solution of the protein 

^Alternatively, an immobilised .r.^ ■ ^ ■ 
preferably . monoclonal ant.booy, specie f"' 
protein to .e i^ob.l.sed may o used to " 
protein tc t ne soJiH . anchor tne 

solid surface. The surfaces rr-v ■ 
prepared acvance and storec. ' 

In order tc conduct the as..--- - 

component . the r::^;^;:::;^"""^^'- 

ancoreo co,.oneht. ,_^;--«Jo„t.inin. 



Get ec^ 



c -Ti c _ s X e s 



:ncncreG cr rn^^ 



"^^-^oay spec:f. 
-^.^^.cc.sec ^-criiponenr (the antico-- 

v.^.r, 5 ^ar.e.^sd ar.r;-lo anticccv . 



■'^-y, G react icr. car. ce 



"'^^^ -^^---^--^^ec; frorr. ur.ieaciec 
cciupcnerr^^ , ana ccinpiexe- aeLer^ren ^ 

■ '^tr^fc^L.eG, e.G. usmc a- 

iminobilisec antibodv ^oec^'f^- t- 

> ^pec.t^c icr taraet oroteir t-v.^ 

test COmDCUnc tC P^nnhr-.^ - ^ ' 

and - ^ ""-^""^^-^^ ^ — ^ solution, 

ana c: ^cce.aeG antibodv soec--'-- for 

.r^ ■■- ^ Pec_ for the other cc.-r.ponent 

. t>. ce.ect anchored complexes. 

3.2 Assays_^or_celJjiJ^arprotein« = • 4. 
■£^-ESe^_protean 

Any n-.etncc .u:tabie for oetec-.::,c protein-prot e ^ • 

:';:r"r"" ""^'^^^^ ^dentlfy.no n^-e: .aroet 

^" °' extrace:::...: protein interac" - c^-^ 

^nese meincc, are outlined ir i.-c'-^or i ' " 



■'^ pathway proteins, and may be utilised 
^ --^.^ec. .o tne i cent i f i cat ion of prcte-^ 

w.-.cn interac: with identifiec .arget proteins 



3.3 ^-^-^ 'cr_con,Eounds^ 
P_rotein/ce I i u : a^niacron^^^ 



Lon 
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Trie: target protean-: r ^' th^ . 

-^'1^ Cx the mventior 
- nt e r^- f---^ , » . I ^ ^ i > ^ii^i, in Vive 

one c> mere cellui 



1 1 cellular c pv-v-^ t- - 

t.;.ose aescrioeo -r.^. niethods such 

, . <=i-cv.., in Section ' p-^, 

this discussion, .u^-. ceMn^ ^'^^ P"^P°-^es 

macxomolecuie. are r~-^" extracellular 
- it., erred to herein -o ^■ ■ 

P-tein, especiany ...ant taroe. nl:!'^ 

compounds may include, but are 'net".';';;": ' 

-c. as a„t.bod.es, peptides, an^ t e I ^ T'"'^' 

tor example, m Section 3.1 above. described. 

The basic principle of rhs 

expounds that .nteri r l; :: ^'^'"^""^ ^ — 'V 

-rget protein and its ce ^""^"^^ the 

P=«"er or partners .nJ:! epl::"""""^ ""^"^ 

r-nn+-z:.,„._^ H-L^parmg „ reaction mnx^.-^- 

"-;;:::rttn:":d" :r:t' ^"V" 

" -teract and .L:. ^ r.!:: "rri^;""" 

°-er to test a compound for inMb™ tor/a t t" ' T 
reaction mixture is nr^r^- ^ • °ct.vity, the 

IS prepored m the presence- ^r.^ w 
tne test compound. The test c 
induced m the reactior • ^-^ially 
ti.e su.se,uent to th" ''''' ^ ^ 

cellular or extracell " " ^ts 

extracellular binding partner r . . 
reaction mixtures are r Partner. Control 

res are .ncucated without the x f^^t 
or w:t:. a placebo The compound 
betwee: the t^roe ^^-^-^-n of any complexes 

excr.ct.^uiar bindinc part;.e>- is th ^ 
format:cn of a cor..~' detectec. The 

Of . complex m tne control react- k . 
tne :eaction mixture cc--~ ■ but not 

indicates that the "^--^"-"9 the test compound 

that the compounc interferes with trr 
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czeo m a nenerccene 
::-Genecu5 assa\'5 ir.\ 



^ c: r: ij; e 



•^s cr ncrr.cgenecL- lorma^. 



prc^eir cr tne JDindinc c 
cier ecnric complex^ 



-^ve anchcrinc either the t, 



d raei 

partner onto a sclic phase anc 
■:es ancr.cred on the solic p 
enc ci tne reactio;.. : ncmogeneous assavi 
reaction .s oarriec out ,r. a iiquic phaseT m e.tne^ 
<^-cier c: addition o: re; 

'^^^ a r 1 e ( 



c 

<^se at the 
the entire 



obtain different mf 
ccrr.pcunas being testec. 
:^nter:ere with th 



^-^^ can c(z 
:crmaticn accu: the 
Fcr example, test compounds that 
interaction between the taraet 

anc tne bindinc partner- ^ ^ k,. ^ 

_ ^- xujitx.., e.g. iDy ccmpetit. 

identified by conduc 



acting the reaction m th( 
the test substance, i.e. by adding the test ^ubst 
the reaction mrxture prior to or simultaneous ^ 



target protein and inter 
binding partner. Alterna: 
Gisrur: pre-formed ccmpjrv 
fcindmc constants that c:s 
trc-, tne cojTipiex, can oe i 
conipcunc to the reaction 

oeen fcrmec. Tne various 

be] cw . 



protein 
can be 
e presence of 
ance to 
ly with the 
or extracellular 
vely, test compouncs that 

e.g. compouncs with higher 
:::ace one of the ccmpcnents 
esteo by adding tne test 
:>:ture after complexes have 



=ctive cellular 



T"iats are descri^ 



ed briefl^^^ 



'US ass. 



crc" 



t e , e : t h e r t : 
c _ u 1 a r or e x ' 



- ^ - ^ uia: 



m 

5( 

bindina Dartne> it- 

- ■ tne., as o,.cnoreG ontc a solid surface wh- 
^ne non-anchorec species ^s leL^e-c^' 

, ' .^^-c....^,-, rnicrctarer piaLes are 

convenientJv utiJ ^:..e- - ■ 

-r,r^-u,-T- . '^•■•L..^ . t.^. .species nia\- b-- 

.mm.... 1, sea r.c - ccv. i ent o>- ccv- - - - u ' 

Ivcn-cova.en^ -r^^- ' attachments, 

^d^eii. c=ttc.cIu^ient mav be accomn-^^h ■ 

oene product or bindma partner -no ^ • ' 

i^eix, c.., iirmiobilised antibcov specif jo f 
^OGT f=^<=: i-^ u - ^pteciric lor trie 

-pec.es to be ancRored may be used to anchor th» 

to the soltd surface. The = = 
advance and stored. ""^ P^^'P^^d in 

order to conduct the assay, the partner of the 

immobilised soeoje^ -i <. , 

or wrthout the t """^ ^"^-^ 

co„olet compound. Sfter the reaction 

co.p.ete, unreacted components are removed ,e , hy" 
washrng) and any complexes formed „i,, 

on the solid surface. The detection , ^-^^^^sed 

-tilt? aetection of compi^v^c- 
ancnored on thf^ Qr^i-;^ ^ ^ ---- 

n the solid surface can be accomplished in - 
number of ways. where th^ r.r. ■ P^ished m o 

1 ^ non-immobilised species i. 

r::.^? dtatt ::^r°r ™— - 
^.on-r»oMii3e:%::::srnt^:!::.:-::r- -^-^-^ 

^abel can be used tc H . ^-o.e.ied, an indirect 

surface e o complexes anchored on the 
in-t.-T; ' -'P""- for the 

e r:::;:Tt"-^^^^ -"-^V, in tur , 

labelled ant . 0 ; T "''"^^''^ ^^^^ = 

eooition Of re ct I- °-<^« of 

■'-bit CO " ""-P""-^"^' '--t expounds Which 

:::::":r::;^r:::n:r:ri:::/::-"- - ^ 

aosence of the test compound. 
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ar. alternate err.r:'CGirr.enr of the mventicr, a 
nxoenecus assay can c-e usee. In this approach, a pre- 
rmeG complex cf tne target protein and the interactive 
::ular or ext ra ce 2 I u i a r binding partner is prepared in 
:cn either tne tarcei nrctein or its fcindinc partners 

c 5 : c r: a 1 Generate c r \' the label is 
Til. ^ 'T 1 c rri'.a i i or. ■ s ec- , c . c . i S Fat. Nc . 
209, 4 96 bv RuDensie::\ whicn utilises tn:s approach to: 
i— unoassays ; . Tne accition of a test suostance that 
co-.petes With ana displaces one of the species from the 
pre-formed complex w:12 result m the generation of a 
signal above backgrounc. In this way, test substances, 
which disrupt target protein/cellular or extracellular 
binding partner interaction, can be identified. 



;arti cui a r emcc c 



L:eL. area for irrjrior: i . : c 
lecnniques describee :: 
rarqet protein ce:.f 
c. 2 -■. : athione 
v-cici, such as pGLX 



■ ent, the target, prctem can be 
;tion using reccmicinant DNA 

Section 2.2 abcv. . For example, 
coding region car. be fused to a 
S-t rans : r ase (GST) gene using a fusion 



m sucr 



man ne: 



that its 



sul t ina fusion 



'G:nc activit\- i ^" iciintained in the 

lem. The mterar-ive cellular or e racellular 
nninc partner can n^i ^ ^ tru cn^ ^ - ^a^^^ ^ 
♦ c2cnal antibcc-. , -.f ing miethods rcuiinely practisec 



the art and desci'ioed above, in Section 1.1. This 
antibodx' car. joe labelled with the radioactive isotope 

ici example, by methods routine] y practised in the 
'c.r\ . c. l^iet ei"cceneoi:r assay, e.c. the GST-taroe: 

oenc :. vi cX(^\.:. car. oc anchcrec tc 

c J ut a t hione- acar CSC beads. Trie anteractive cellular c: 
extracellular binding partner can then be added in the 
presence c: aoseiice ot the test compound in a manner tna; 
allows interact: on and bindinc tc occur. At the end cl 
t rie • r eact I on pence, unbound material can be washec away, 
and the labelled monoclonal antibody can be added to the 
system and allowed to bind to the complexed components. 
The interaction between the target protein and the 
interactive cellular or extracellular binding partner can 
be detected by measuring the amount of radioactivity that 
remains associated with the glutathione-agarose beads. A 
successful inhibition of the interaction by the test 
compound will result in a decrease in measured 
radioactivity . 

Alternatively, the GST-target protein gene fusion protein 
and the interactive cellular or extracellular bindinc 
partner can be mixed together in liquid in the absence of 
the solid glutathione-agarose beacs . The test compound 
can be added either during or after the species are 
allowed to interact. This mixture can then be added tc 
the glutathione-aaarose beads and unbound material is 
washed away. Again the extent of inhibition of the 
target protei n/r : ndmg partner interaction can be 
detected by add: no the labelled aniioody and measuring 
the radioact i VI associated with tne beads. 

In another emiOcc:ment of the invention, these same 
techniques can employed using peptide fragments tna^ 
correspond to the binding domains ct the target protein 



:->-^-.:;. , ::. rlare c: cr:e c: tne rull ler.c*:. 

r.u^ace:...-. :: aer.e e:-.r: :;: r.^ cr.. c: zue i::ci-r.s 

t nee:- 1 cisrupticr. c: cir.cir.c ir. a cc- 

-J : ec: :,. cr. assay. . nx e r.s ai i r.c n-..u t a 1 1 c r. ^ : :. 

ceri -:.-.c seccr..: scenes : :. -he ccmplex car. iner. 

selec-.e -. . Sequence analysis cr tne genes enccdinc the 
respective proteins will reveal the mutations thai 
ccrrespcnc ic the region c: tne protein invcivec m 
interactive hinciing. A] t er na t ; vel y , one protean can be 
anchcrec tc a solid surface using methoas descricec ir. 
this Section above, and ailowec to interact with and bind 
tc Its labelled binding partner, which has been treated 
with a proteolytic enzyme, such as trypsin. After 
washing, a short, labellec peptide comprising the binding 
aomam rr>£y remain associatec with the solid m.ateriai, 
which can e isolated and identified by amino acic 
sequencmc. Also, once the cene coding for the cellular 
cr extracellular binding partner is obtained, short gene 
segments Cc.:: oe engmeerec tf express peptiae fragments 
of the pre: em, which can tner, ce tested for bmcmg 
activity anc purified or syntnesised. 



For examr . 



protein ca 
above , : n 
aene l uf : 



and not bv wev c : limitation, a larger 



o.e ancnored tc i. c 1 1 a material as c€.scribec 
MS Section by n,a-.:nc a GST- target riciem 
crctein and allcw;:.c ;t tc bmc t: 
g]utath-c:.- agarose bead?. I:.-- :nteractive cel. v... ar or 
extracel - :.i binding partnc- -an oe labellec w;. ■ a 
radicaci:-- :sctcpe, sucn a- anc cleavec w;:;. a 

croteclvt: enzyme such as trypsin. Cleavage p: icucts 



car. t.riei": be addec -Lc ihe ancr^cred GST -target protein gene 
^-^^c''. prote:,!") ana alicwec tc bmc. After washing awa\- 
u:\ccunc peptides, labealec bound material, represent mc 
the ce]]u]ar or ex t r a ce 1 ] u 1 a r bindina partner bindmc 
o.onia . n , can be eji-tec, ri:r i f i ed and ana j ysed for amine 
ac:o sequence by wei] -Known methods. Peptides sc 
acenrifiec can be producea synthetically or fused tc 
appropriate facilitative proteins using recombinant DNA 
technology . 

5.4 Assays for amelicra ticn of body weight and/or eating 
disorder symptoms 

Any cf the binding compounds, including but not limited 
tc, compounds such as those identified in the foreqoina 
assay systems, may be tested for the ability to prevent 
o:' amieliorate body weight and/or eating disorder 
symictcms, which m^ay incjuoe, for example, cbesity. Cel]- 
based and animal model-based assays for the 
identification of compounds exhibiting such an ability tc 
ameliorate body weight and/or eating disorder symptoms 
are described below. 

First, cell-based systemis such as those described above, 
in Section 2.2.2, may be used to identify compounds, 
which miay act to prevent or ameliorate body weight and/or 
eatmc disorder symptOK:^ . For example, such cell systems 
miay ;?e exposed to a ccnipcund, suspected c: exhibiting an 
sbil::y to ameliorate cccv weight and/or eating disordei 
symipicm.s, at a sufficjen: concentration ano lor a time 
suff:c:ent to elicit a response in the exposed cells. 
Afte: exposure, the ce] 1 5 are examined to cetermine 
whetne, r one or more of t ne body weight and/ or eating 
discrcer-like cellular pr^enotypes has been altered to 
reser.iile a more normal c: more wild type phenotype, or a 
phenc:ype more likely tc produce a lower incidence or 
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■ — \\. ^cc- a:. r. . _ t cay c€ aae:: a^ 'les' 
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.a v;a: a a a. ay a- 
leaaina aa?a cisaraera. Fc: example, 
aaaa.al raoae^s iTiay ce exrcaec aa a ccrripcunc, s^c^specz^c c: 
exhiciaanc aa ability prevent, cr ameliorate body 
weicht and/cr eaaing ciscraer symptoms, at a sufficient 
ccnceatraticr. anc for a time sufficient tc elicit such a 
nreventicn cr amel icr a t : c a c: tne ocdy weicnt and/cr 
eatmc disorder symLptcms in the exposed animtals. The 
response of the animals t c. the exposure may be monirorec 
bv assessing the reversal of disorders associated with 
cody weight and/cr eatinc ciscrders such as coesity. 

With regard to inter vent : c n , any treatments that reverse 
anv aspect of body weicht and/or eating disorder-like 
symptoms should be consacered as candidates for human or 
comipanion animal body we:cht and/or eating disorder 
theraoeutic interventicn including the treatment of 
obes:t\ . Dosages of test agents may be determined by 
aer:v:nc dose-response carves, as discussec m Section 



re 1 ow 



treatmera : • ::a: can preven* : a-;- aeveiopmen 
r;a- .-.cicat anc/cr ea::aa disorders 
'■:-:Ci Gates for taa :. revention of 



ve^cpme at c 
a c c n s 1 a e e c c. 



:: companion an: a a., a coy weight a no. c : eating 
c:s: tnerapeutic m* • : vent ion. Such c: 5 :rcers 



cut are not :ia:ieG tc, obesit\- 



rioteii. expressi cvi parterns may be utilisea ir 
cc:^ i:nct a oi: watr. either eel] -based cr ana ma I -based 
5 \'-s I. eiT.^- lc assess tr.e ability of a compound to ameliorate 
bod\' weioht and/ or eat 3 no d.i sorder- ] i ke symptoms. Fo: 
t... :-:a:ui; V. / tnc o xp ] t ^; s j cm i pattern c: c nc o-i mciL. 
l.noenprint. pioteins may icrmt part cl a iingerprmt 
profijo, which m^ay then be used in such as assessment, 
rinqerprint prcfiies are described beiov;, in Section . 1 . 
Fingerprint prcfiies may be characterised for known 
states, either booy weight and/or eating disorder or 
normal states, within the cell- and/or animal-based model 
systems. Subsequently, these known fingerprint profiles 
may be compared to ascertain the effect a test compound 
has to modify such fingerprint profiles, and to cause the 
profile to more closely resemble that of a more desirable 
fingerprint. F'cr example, administration of a compound 
iTiay cause the fingerprint profile ol a body weight and/o: 
eating disorder model system to more closely resemble the 
control system;. Administration of a compound may, 
alternatively, cause the fingerprint profile of a control 
system to begin to miimic a body weight and/or eating 
disorder state, which may, for example, be used in 
further characterising the compound of interest, or may 
oe used in the Generation of additional animal models. 



4 . Compounds and methods for -breatment of body weight 
a nd/or eating disorders 

Lescribed below arc methods and compositions whereby booy 
weight and/or eatmc disorder symptomis may be 
ameliorated. It :s possible that body weight and/or 
eating disorders may be brought about, at least in part, 
cy an abnormal ievel of target protein, or by the 
rrresence of a target protein exhibiting an abnormal 
activity. As sucn, tne reduction m tne level and/or 
rtctivity of such target protein would rring about the 



c: — • - c- o 



^ ' - - / 



level c: LaiccL crcieir. cene expressicr. arid/or rhe 
activit\' ci sucr. crc^vieins v;culd brmc abcut the 



an-ie ^ icrat icn c i 



)OC\' weiaht and/cr eatmc disorder-like 



5\Tr.pt:crr;5 . Tecnnicues Icr increasinc tarcet protein gen 
expression revels cr tarcet protein aotivitv' levels are 
oiscussed in Section 4.2 below. 

4 . I Compounds that Inhibit expression, synthesis or 
a ctivity of mutant target proteins 

discussed above, raraet proteins mvcived m body 
weicht and/cr eatinc disorders may cause such disorders 
via an increased level of target protein activity. h 
variety of techniques may be utilisec tc inhibit the 
expression, synthesis, or activity c: such target genes 
and/cr proteins. 
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those :centified throuch 



in Section 1, v;:Mch exhibit 
may be used in acr-croance with the 
: r ameliorate rcc/ weioht and/cr 



:r examiple, ccmxcu 
rsays described a;: 
: h i b i t o r y a c t i \* : t y 
.vention tc pre\-er. 
. I : nc d: soroer r y::. 
: vc , such mc 1 ecu 
, peptides ;suc:. 
:.uble extracellul 
?-nsmembrane recer^rrs;, phosphopep t : c-c s , small organi 



i I c: 



AS oz.sc\ZF : 
ancluoe, cu* 
:cr example, 
crtions cf tare- 



:n Section 1 
.re not lim.itec 
ices rep 
c r o t e i n 
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o: inorganic iiiciecujes, o: anLibociies (including, to: 
example, pc l yd cna , mcnocior;a:, humanised, anta - 
idictypic, chimei ic or single cha::. antibodies, and FAi: , 
F ar'" ar";r: FA: rxryt-rsicn ^:brar\' fracments, and erit:or^- 
rinomc : : a : . : : :Le:eci . ^ rr,:. : ::ui 5^ icr del : Hi: na : : ■: : 
c: c::ect.:vt: aast?" and admi n: s : a : : on el such compounc^ 
are describee oelcw, m Section C . : . Inhibitory antibody 
technique? ai-C: rurther described bejow, in Section 4.1.1'. 

Furthei, antisense and ribosome molecules, which inhibit 
expression of the target protein aene, may also be used 
in accordance with the invention to inhibit the aberrant 
target protein gene activity. Such techniques are 
described below, in Section ^.l.i; triple helix molecules 
may be utilised m inhibiting the aberrant target protein 
gene activity. 

4.1.1 Inhibitory antisense, ribosome and triple helix 

approaches 

Among the compounds, which may exhibit the ability tc 
prevent or ameliorate body weight and/or eating disorder 
symptoms are antisense, ribosome and triple helix 
molecules. Such molecules may be designed to reduce or 
inhibit either wild type, or ii appropriate, mutant 
target protein gene activity. Techniques for the 
production anc use of such moi ecu] es are well known tc 
those of skill in the art. 

Antisense RNA and DNA molecules ac: to directly biocK the 
translation c:" r.RNA by hybridising tc targeted mRNA and 
preventing proiein translation. v;ith respect tc 
antisense DNA, c 1 igodeoxy-r ibonuc j eot ides derived from 
the translation initiation site, e.g. between the -li and 
-MG regions c: tne target gene nucleotide sequence 
interest, are preferred. 
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:■ esr : :-.5 : _ V ::: cle^rrac^i . ^nis sequence, se^ v: 

Fa:_. Nc . , C ^^-^ , ; 4 L , which is i :.cc rr: era tec by reference 
:".erein i:\ its er.i:ret:y. As such, v;:thin the scope c: the 
mventicr. are encineered harrjnerheac motif ribosome 
mclecuies tha: specifically and efficiently catalyse 
enaonuci eclyr 1 -• c:eavage of RNA sequences encodinc tarcei 
proteins . 

Specific ribcsc::ie cleavage sites v;:thin any potential RK'A 
target are initially identified ty scanning the mclecule 
of interest Icr riocscme cleavage sites which induce tr.e 
following secu^:\ces, GuA, GUI! and GL'C. Once iaentii:ec, 
short TNA seouer.ces of betweer. 11- and 20 ribonuclect : ces 
corresponding ic the region of the target protein aene, 
containing the cleavage site may ce evaluated for 
predicted structural features, such as secondary 
structure, tha: may renaer the c I : ccnucleot ide seauerirv 
unsuitabje. 1:.- suitability c^.r.cidate sequences r.a-; 
alsc be evaluc::^^ by testing the:: accessibi 1 i t \' tc 
hybr J di se w: t :. ; c m>n 1 emen t a r y c cc nucl eot ides , usi n: 
rioonucl ease r: : ? : ect ion assays . 

Kucjeic ac:c. :::.t^rules tc oe useu triplex helix 

rcrmaticn :c: inhibition c: * : nscript ion sncu^n 

smc^e stranc^. anc comtpcsec cf c- . xynucleot ides . 1 : - 
case compos: t:cn cf these cliacnuc- eot ides must be 



aeszcnec i. c rrcmcre t:-:p:t hel^x tcrmatior. via Hcoasteer. 
base pa I ::c >" u i e e , wr*:. cr. cerierally require sizeable 
stre^che^ c: either purines or pyrimidmes to De present 
c:. e:\^, s:. larc: cf a dup~C::-.. !Cl:c: ect. : cie sequences may be 
: {: \u - e: :.L - c. s CO , whici: v.. . _ :esult ir. TA; anc: C^--/' 

tricletf across the tr^iet asscciated stranas c: tnc 
resultmc triple helix. Tne pyrimi dine-ri c:. mclecule^ 
picvice case complementary tc a purine-rich region ct a 
sincje strand of the duplex m a parallel orientation tc 

IC that stranc. In addition, nucleic acid molecules may be 

chosen that are purine-r:i ch . tor example, containing a 
stretch of G residues. These molecules will form a 
triple helix with a DNA duplex that is rich in GC pairs, 
in which the majority of the purine residues are located 

1: on a sincje strand of the targeted duplex, resulting in 

GGC trip]ets across the three strands in the triplex. 

Alternatively, the potential sequences that can be 
targeted for triple helix formiation may be increased by 

2C creatine a so-called "switchback" nucleic acid molecule. 

SwitchbacK molecules are synthesised in an alternating 
5»_3'^ 3'-5' manner, such that they base pair with first 
one stranc of a duplex and tnen the other, eliminating 
the necessity for a sizeable stretch of either purines or 

25 pyrimidmes to be present on one strand of a oupiex. 

Anti-sen5c RNA and DNA, ribcscme and triple helix 
molecule.- of the invention may be prepared by any method 
known in tne art for the syntnesis of DNA and FKA 

5C molecuiei. They include tecnniques for chemacally 

synthesi SI nc oligodeoxyribcnucleotides and dice - 
ribonuc J ec t laes well known in the art such as, Icr 
examiple, sc. lid phase phospnci amddi te chemical synthesis. 
Alternatively, RNA molecules may be generated cy m vitrc 

55 and in v:v'- transcription cf DNA sequences encocmg the 




1 -::-.c wr. ::.z ci : i cb\ i cr.s ZKk rrclecules r-.ay 

: r cGucei: as a r.ear.5- ■: : mcreasinc ir::.r5cellula> 
starility anc nal:-li:e. Possible rricdif ications inciuce, 
cui are nc*j innitec tc, the addition of flankinc 
secuences cr ribc- cr cecxy-nuclecr ides tc the 5' and/ cr 
}' ends cf the mclec-j^e cr the use of. phcsphorothioat e cr 
C-methv'l ratne:' t:;a:\ t ncscnoda esterase Imkaces wirhir. 
t:\^ c 1 r codecxy-ri be rMJcl ect ide backbone . 

4.1.2 Antibodies for the inhibition of target protein 

Anticodies that are both specific for target protein and 
interfere with its activity may be used tc inhibit target 
prctein function. Where desirable, antibodies specific 
Icr -utant target prctein, which interferes with the 
activity of such mutan: target product, may also be used. 
Sue:; antibodies may re Generated using standard 
Lec:.:iiques describee ::. Section 2.3, supra, against the 
p:c:eins themselves c: acainst peptiaes ccrrespondmc tc 
r:c:-::cns of the prc:e:t. . The antibodies incluae, bui 
arv :".c; limited tc, r c ^v/c:!. cnal , moncclcn^l, Fat 
::c.:crents, sinc^e cna::. antibooies, chimeric antibodies, 
e; . . 



.stances wnere c:.- 
c 6 1 1 u 1 a r a r^i d v; n c _ 

-nalismc anticcc. 
ectin or liDOsc::-' 



a reel gene prctei:. is 
antibodies are i :i , 

may be preferrec. . Howeve: 
mav be used tc deliver the 
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antibody or a iraament oi the Fab recion, which binds tc 
the target protean epitope- ante cells. Where fragment? 
cl the antibodv are usee, tne smallest inhibitory 
Iragment, which binds to the taraet protein's bindma 
oornam, at i: : t : e i c c . rcr example , peptides having ar. 
amine acid sequence correspondmc to the domain of the 
variable region of the antibody that binds to the targei 
protein may be usee. Such peptiaes may be synthesiseo 
chemically or produced via recombinant DNA technology 
using methods well known in the art (e.g. see Creighton, 
1965, supra; and Sambrook et al, 1989, supra) . 

Alternatively, single chain neutralising antibodies, 
which bind to intracellular target protein epitopes, may 
also be administered. Such single chain antibodies may 
be administered, for example, by expressing nucleotide 
sequences encoding single-chain antibodies within the 
target cell populating by utilising, for example, 
techniques sucn as those described in Marasco et al 
(Marasco, W. et al, 1995, Proc. Natl. Acad. Sci . USA, 90: 
7889-7895) . 

In instances wnere the target protein is extracellular, 
or IS a transmembrane protein, any of the administration 
techniques descrioed below, in Section 6, which are 
appropriate for peptide administration may be utilised tc 
effectively administer inhibitory target protein 
antibodies to tneir site of action. 

4 . 2 Methods fo r x e g toring target pr e tein activity 

Target proteins t.-.at cause body weicr.i and/or eating 
disorders may be unoerexpressed withm body weight ano/c; 
eating disorder situations. Alternatively, the activity 
of target protein :r,ay be diminished, leading to the 
development of bccy weight and/or eating disorder 




amel 1 cra"::e rccy v/eich:. ard/cr eai:r:c discrder s ympt citf- 
rr.a\- re acn-.^ ni s t e reo rc a pa:,ieM exhicitmc such 
svmpt,orTiS. Any c: '^ne techniques discussed below, in 
Section may re utilised for such administration. Ont- 
c: skii^ m tr;e ar: will readily Knew now to determine 
the concent rat : cr. c: effective, ncn-tcx:c doses of the 



. ^ I .Lie; - (- 



arcet crctcm, utiaismc: tecnn:cues sucr 



ae. 



:cribed below, :n Section 4.6 



Further, patients may be treated by cene replacemient 
therapy. One cr r:xre copies of a ncrma2 target protein 
cene or a portion cf the aene that directs the product :c 
of a normal target protein with target protein gene 
function, may be inserted into cells, using vectors wh:c 
include, but are net limited to, adenovirus, adeno- 
associated viru^:, and retrovirus vectors, in addition t c. 
ctner particles t introduce DNA inic cells, such ai 

lirrcsomes. Ado : i : ' na 1 1 y , techniques such as those 
cescribed aoove :r,ay oe utilisec for ine introduction c: 
ncrmial tarcet rrc'^in gene sequences into human cells. 



'e.^s, prelera:: 
. a 1 G e t t r c t e I v. 

eintrcGUcec ir. 

cr the prev 



:tc^coous ce-. ^s. , 
sequences may t 

.e patient ai pc 
r amieliorati cr. 



n t a 1 n 1 n c n o r msa ^ 
, c G 1 n t r c d u c e G . 
: ens w h 1 c n a 1 1 c 
::. c G \' we i a h t a n o . 



eaiinc djsorae: 5 ympt . Sucr. ceui replacement 

t echn J Gue^- n\ay pre: erred, : c : exampie, when t ho t arce: 

Pi-OlGj:". c: secreteo, extracellular protein. 

Aod: : : ^ na . ^ •.■ , j. r: t : brc:^ c 5- rua ' ' in. aomi nri stereo wh:c:. 
spec: :'■ : ca 1 ■ ' L:nd t.c a taraet protein and by bmdinc, 
serve tc, e:ihei~ directly c: indirectly, activate tne 
tarcet. prctein function. Such antibodies can incluae, 
but are no; limited to-, po]yclonal, monoclonal, FAr 
iracment^, si ncle chain antibodies, chimeric antibodies 
and the like. The antibodies miay be generated usmc 
standard techniques such as those described above, in 
Section 2.3, and may be generated against the protein 
themselves or against proteins corresponding to portions 
of the proteins. The antibodies m.ay be administered, for 
example, according to the techniques described above, m 
Section 4.1.2. 

£ . Pharmaceutical preparatlong and methods of 
administration 

The identified compounds, nucleic acid molecules anc 
cells that affect target protein expression, synthesis 
and/or activity can be administered to a patient at 

therapeutically effective doses to prevent or to treat or 
to ameliorate Dody weight ano/c: eating disorders. h 
therapeutically effective dose refers to that amount of 
the compounc sufficient to result m amelioration cf 
symptoms of roay weight and/cr eating disorder, including 
obesity, or alternatively, tc mat amount of a nucjeic 
acid molecu]^ sufficient tc ex;::^:ss a concent rat 1 c n cf 
protein whicn results in the amelioration of such 
symptoms . 



5 . 1 Effective dose 

Toxicity ar::: : nerapeutic efficacy of such compounc? can 




v;r:: J-;. •->:■::".:;:_: '.ayce inerace'j:. : . ir.oices, are preferrec. 
Whilv \.':\a'i e:-::^:!::: sice effects rr.ay 

use:^, raro r:.. ;:ld ce larie:; ce^ ic::-. a celivery syste:: 
;:hai. "Laraeiis" sucr. compcuncs tc tne site of affecrec 
tissue i:"- crccr tc niriitise potential dainaae tc 
uninfectec cells and, thereby, reduce side effects. 



The data chtainec frcRi tne ce^- culture assays anc ar.ima. 
studies car. :: t- used :r i crn"iu 1 a i : r.c a range of dcsacc :c: 
use :n nu:T.a:.^ . Tr.e ccsace c: sue:, ccmpcunds lie^ 
preleratiy \v:"L::in a range c: circulating concentrations 
that incluae tne EL.r with little cr no toxicity. The 
dosaae may vary withm this ranee oepending upon the 
dosace fern. e.Ticioyed and the route of administration 
utilised . 



5 . 2 Formulat j cns and use 

Fharmaceuti ca:. compositions ic: use m accordance v;:in 
the present invention may be Icrrrulated in con ven t : c na I 
manner usir^c z:\e or miore phys: c 1 c cically acceptable: 
carriers o :" e :-: c : p i e n t s . 



Thus, the cc:::;unds and their tny5 2 ologically accer:r:Oie 
salts anc selvc.:es may be lorm;:lf'ed for admini s t r a : : c :". 
by mhalaticn :. : : nsu f f 1 a 1 1 c r. e::ner through the ::-utn 
or the ncse cral, buccal, :i:-=:nteral and rectal 

administr at : - :. . 



F'c: oral a dmi n i ? t r a t. J ci. , t ru; pharmaceutical compositions 
n^ay take i^ric formi ci , ior example, tablets oi- capsules 
preparec by convent: ona] mieans v;:th pha rmia ce u t i ca i i y 
acceptable excipients such as binding aaents (e.a, pre- 
cc~a' :n:sed ma ire starcn, rci yvi nyj pyr rc] i done o: 
hiycroxypr opyi methyl -eel i ui cse ) ; fillers (e.c. lactose, 
mii crocr ys t a kl 1 ine cellulcst or calcium hydrcaen 
phosphate;; lubricants (e.c. maanesiun., stearate, talc c 
silica^; di si nt egranr s te.c, potato starch oi' sodiumi 
starch c]ycollate;; or wetting aaents (e.g. sodium laur\ 
sulphate! . The tablets may be coated by methods well 
known in the art. Liquid preparations for oral 
administration may take the form of, for example, 
solutions, syrups or suspensions, or they may be 
presented as a dry product for constitution with water o 
other suitable vehicle before use. Such liquid 
preparations may be preparec by conventional means with 
pharmaceut ically acceptable additives such as suspending 
agents (e.g. sorbitol syrup, cellulose derivatives or 
hydrogenated edible fats;; emiulsifying agents (e.g. 
lecithin or acacia) ; and preservatives (e.g. methyl or 
propyl-p-hydroxybenzoates or sorbic acid) . The 
preparations may also contain buffer salts, flavouring, 
colouring and sweetening agents as appropriate. 

Preparations for oral aomi n: strat ion may be suitably 
fcrmulaLec to give controliec release of the active 
compcunc . 



For buccc.1 administration tr.e compositions niay take the 
form c: tablets or lozenge:, rcrmiulated in conventional 
mannei . 



For adrr;: n: St ration by innalation, the compouncs for use 
accorcinc to the present invention are conveniently 




The ccr.pcuncs may be icrmulared fcr parentera- 
admin: rat.: on by innecticn, e.g. by bolus in-ection or 
continue^:: infusion. r'crmui at i ens lor mnectacn may be 
presentee in unit dcsace icrr., e.c. m ampoules or in 
muii:-cc50 containers, wi: ar: addec preservative. The 
ccm.pcsit : ens miay take sucn icrms as suspensions, 
solutions or emulsions in oily or aqueous vehicles, and 
may contain formiulatory acents such as suspendmc, 
stabilisinc and/or dispersinc acents. Alternatively, the 
active mcredient m^ay be in pcwoer form^ for constitution 
with a suitable vehicle, e.c. sterile pyroaen-free water, 
before - . 



The ccT^iy. c \:r.os m^ay also be rcrmiulated in rectal 
compcE : i ir.s such as s upr c s i i c r i e s or retenticr. enemas, 
e.c. cc:-veininG ccnventicnal suppository bases such as 
cocoa r:u::er or other clyceriaes. 



ccrr 



:r- u ^ n ^ . 



mt ran.:.: 



. tc the icrrr.ula 
alsc DG icrr, 
:Ct mc f crniul at - 
n , for ex amp 1 1:. ; 
a r 1 \' ; or b •/ i n : 



n s G e s c r I b e G pi' e 
I ed as a depot t 
r.\a y be aami n is:. 
:tcutanecusly c: 
uscular in~ectic 



.ne 
a r a t icn . 
c by 

Tnus , 




6'- 

fc: example, tht conipc-unos Uiay be lormuiaLeci with 
5L::t.arie pcjymer:c c: r^ydrophoba niareriale (for example, 
as ai'. emulsion m ar aoceptab^e cil' or icn exchange 
resins, or as spar:nciy soluble oe r .1 va t a ves , for exampie, 
c. ^ c. pa 1 1 n o ^ \' ^ I.. ^ u .. ^ ^" ^ . 

Tnc ccmipcsr t a ens may, if desired, oe presented m a pach: 
or cispenser device, which may cc^ntain cne or more uni: 
Gcsaoe foriTis ccntaaninc the active increcaent. The pacK 
r.ay, foa example, comprise metal ci plastac foiji, such a^ 
blister pack. The pacK or dispenser device may be 
accomipanied by instructions for administration. 

^ • Diagnosis of the nature of body weight and/or eating 
di sorder abnormalities including obesity 

h variety of methods miay be employed for the diagnosis c: 
tne nature of the bocy Vv'eight and/or eating disorders, 
the predisposition to body weight and/or eating 
disorders, and for monitoring the efficacy of any body 
weight and/or eating disorder compounds curing, for 
example, clinical triais and for monitoring patients 
undergoing clinical evaJuation for the treatment of such 
di sorders . 

The methods include ccr.vent lonal methoas such as 
waist/hip ratios {BMl , , weighing and c.t. or dexascans. 

CiT'tsity may be detectec and the efficacy cf treatment 
iT.cr.aiored by methods ar.c parameters ioentified by such 
bccacs as the V^orlc Health Organisation and the 
a ni e r nat lona] Obesity :ask Force. 

Met;. CCS may also, for f-.xamiple, utilise reagents such as 
tnr : mgerprint protea:. oescribed in Sect a on 4.1, and 
an:a:odies directed acaanst dif f erential 1 >■ expressed anc 




Any ce^- type ^^ . 
15 expresseo rr.a; 
be lev; . Exarr.x: ^ e . 
samples, tissue 
urine or plasn.a. 



tissue 1 v; r 



samcie: 



i:\i fmcerprint prcte::. 
:sec i:. tne czacncstics oescrizie:. 
atie sartples types mcluae cei: 
anc fluic sariiples sucn as d^gcc, 



Amonc the methcci , which can be utilised herein, are- 
methods for rr.onitcrinc the efficacy cl compounds m 
clinical triais ::r the treatment c: cody weight anc/ 

Such compounds can, for example, c 
tncse describee above, in Section - 



eatinc oisoroe: 
compouncs sue':. 



Such a methoc cc:::: rises detectmc, 

^ d: : : erent la 1 1 y e: 



crctein, wnicn 



iveicht 



exoressicn i r. 



; 1 s c r d e r s t c: 
state . 



. a patient sample 
e s s e d in the c c c y 
elative to it5 



, u r 1 n G c ^ 1 n 1 c . 
:incle fmcerr; 
; maerpr: nt pa' 
;nd/Gr eatmc ; 



L. t -j^ * i , 



examt . 



L 1 c: - 



V, tne expression 
c : n a 1 1 V e 1 y , a 



:er can oe cete 



ned in the pre; 



c: absence ct the ccmpouiio beinc tested. The efficacy oi 
the compounc car', be folicweci by ccmparino the expressicr: 
data obtaiiiCG tc the ccr respcndinc known expression 
pc'z t L e ?'n.' c. i^crrua] state-. c:onr:pounds exhibitinc 

: e:i:cacy r:::^, tncse vvhich a .1 1 1 i ne single fingerpiiii: 

protean expressioi'. and/ or the fincerprint pattern to more 
cioseiy resemble that of the normal state. 

The detect J cn of the protein di f ierent ially expressed in 
jC a body weiQr.t and/or eatmc da sender state relative tc 

their expression m a norrriai state can also ioe used tor 
monitorinc the efficacy of potential body weight and/or 
eating disoroer compounds and compounds for the treatment 
of obesity ourmg clinical trials. During clinical 
11 trials, tor example, the level and/or activity of the 

differentially expressed protean can be determined an 
relevant celxs and/or tissues ii: the presence or acsence 
of the ccmipcund being testec. The efficacy of tne 
com.pounci can oe fc'llov/eo by ccmparinQ the protein level 
2C and/or activity data obtained to the corresponding known 

levels/activities for the cells and/or tissues in a 
normal state. Compounds exhibiting efficacy are those 
which alter the pattern of the cell and/or tissue 
involved in the body weight and/or eating disorder to 
It more closely resemble that of the normal state. 

EXAMPLE 1 

Mouse treatirient prot:ocol 

Non-fasted lean and obese, & week old, female Cbl E1/6J 
3C ob/ob miice were anaesthetised v;ith 50% ^'Hyponovel" and 

50'c ''Hypcncrn'' and then killec numanely with carbcn 
dioxide car. Liver was remcvec anc snap frozen retween 
tongs in liquid nitrogen. Tn--. zissues were lyophilised 
for 4Bh, ci'csned in a mortar watn liquid nitrogen and the 
1: resultant ciied powder stored at -80°C 



Pro tie in solubilisation 



First ciir.er.s 2.cn electrophcres:: 5 



offeree r.:c:. 
allcv-eci h:c:. 

cradle n s :" : 
E i ct echrc - c. c; 
strips we : t. : 



a 5 ine first aimensicr. 
c r e a r e c r c d u c i b 1 1 1 1 y a r 



:5 were precarec , 
anc are ccn\rr.e 
"lTt. wide and ]&' l^n.::. 



t r". e n c - ^ : Ti e a r p r: 
• P.me r s h a m - P h a r ma c . 
; 1 a J. \' a V a 1 -1. a t J. e . 

crc . 



Hydrat i cr 
FhariTiacia 
urea ( 81^' . , 
(2% v/v; a 



" : me IPG strip- was 
'esv;ellinc cassettt- v: 



(2% w/v; , 



:er formed overni chi 
2 5mi of a sclut: 
, OmM; , Resolyte pH 



m a 
)n of 
. 5-lC 



a trace of bromicpr.encl blue 



Wher the re r/ycrat icn casset:.e 
and ccenec, : r.e strips were t 



strit: tra> . 
wicks, e ^ e 0 : 
and cups wv : 
Sampi es we : * 
rhe I P-:^ s: : : 
tcuchinc : 



k: *^er plac:nc ^ 
rcces and sample 
covered with 1 i 

applied in the ■ 
: 5 : n a s ] cw anc 



nac been thorouchly emiptied 
•a:. s: erred to the Pharmacia 
- strips, hum.id electrode 
•;:rs m position, the strips 
; '/:scosity paraffin cil. 
at the cathodic enc of 
inuous mannei , w:. * :':cut 



cur mc 
w n e r e u r 



. ^ i f ii c ± c V.' e c c 
'/ c 1 1 a a e v; a s : 



-c from 200 tc 3:' 
iitionai hours a* I'lOO V, 
ec tc 5000 V . ;. - c tal 



vc]: liour product cf ICC-kvr. wae used in an overniaht run. 

Second dimengion of the electrophoresis 

I c ; ; hr :ir?t c:::ienr:r:. run, the ] PG rt:-ip5- were 
^: cu: c c i:. crct : : : f ^• c j t:bi 1 : : nc p:ctCans and 

recuct- -r-^- ocno^: . "^r.( e:r:Lps v*;ere thu? equilibrated 
within the strip tray v;:Lh ICOmi cf a scluticn containinc 
Tri?-HC: (50mM;, pH t.f, urea {6M), glycerol (30% v/v), 
SDS {2\ w/v) and DTE {2\ w/v) for IT. mir.. The SH groups 
were subsequently blocked with 100 ml of a solution 
conramanc Tris-HCl (SOrrii^j) pH 6.8, urea (6H), glycerol 
(30% v/v; , SDS (2% w/v), i odoacet amide (2.5% w/v) and a 
trace of bromophenol blue for 5 min. 

In tne second drmensicn ru.n, a vertical gradient slab gei 
with tne Laemrrili -SDS-di scent inuous system, was used with 
some smiall mtodi f icat i cni , which may be sumumarised as 
follows : 

Gels are not polymerised in the presence of SDS. 
This seems to prevent the formation of micelles, 
which contain acrylamide monomer, thus increasing 
the homogeneity cf pore size and reducing the 
concentration of unpol ymerised monomer in the 
pclyacrylamide . The SDS used in the gel running 
ouffer is sufficient to maintain the necessary- 
negative charge on proteins. 

Fiperazine-diacrylyi (PDA) is used as crosslinker. 
This is believed to reduce N-terminal protein 
nicckage, gives better protein resolution, and 
yecuces diammine siiver staining background. 

:r:Giumi thiosulphatt is used as an add:t:ve to reduce 
racKground in the silver staining of geis. 



Trail cui :e:: : 

1 9 6mM- C . 1 w / V ; pH 6 . 

Aad 1 1 : V e 5 : 

r c ^ \-me risaticr. aaent? 



1. - c: \^ ^ 



•1. r.e-::r 



1 ZbmK- 



Sodiurri thicsulchare ( 6mM 



V 1 a *^ e s c- : : c; ^ \' t r - ^ a \' e r e 
ncuri. . rafter tne ren-iC" 
repl acerT.ent with water 



.7 err. irciTi the tcr: cf the 
5ec-butancT icr accut twc 
the overlay anc :t£ 
:el5 v;ere left cvernicht. 



A f L e r t : . e e q u 1 1 1 c r a i c : . , 
size. Six mm were remove* 
from tne cathodic enc . Z. 
over-iayered with a sclut 
w/v ar-C 1 ris-olycine- SLI 
neat t c: c. i a d o u < ^ <^ ^ - ^• 
imoTiec: ai eiy loaded thrcuc. 



ne IPG ael strips were cut tc 
: :rcm. tne anodic enc and 14mLm; 
.e second dimension oels were 
cn containing aca rose (0.51 
- : ^mM-1 9 8mM-C . i ^ w.v; pH £.3 
, :.e IPG gel strips were 



T h €. c .. V.' as r u r. g 
cur re:.- : t 4 0mA/ gel 
usual 1 ■ requires 1 



5 hours at a c~ c r: s t a n t 
. aqe is non- 1 : r: : no , bui 



Stain - r.c 

S: 1 : 5 lai nine , w> 
C c- c r: E r i ^ x i a n 



. :ninc, was use- ►e xcept where 



• # 



ctJicrwise statec . Thus, the T-DGl gcis v;ere stamec 
WAt.:\ an ammoniaca!! silvei stainina as lollows: 

s:ors v^■e:^ : ^ : : r : ■ c r. an C2;b:ta^ shaker at 36 rr::.. 
:■ : . : v::^. . : ; ht secci^ci c: rnc r.s:cr. rur., th- 

ce-s wei^^ rerricvGc' i:or. the class plates and washed in 
deicnised water fcr 5 iriin. 

S'Lep 1: The ae.s were soaked in et hand : acet i c 
acaG:v;ater (40:10:50 vclunae ratio) ici 1 hour. 
10 Step j: The gels were soaked in ethanol : acet ic 

Cais^_l.\^.VVtUL,V^J- \ ^ • ^ . ^ ^ v*„^i^iii>„ ^ ^ ^ — — J 

overnight . 

Step 4: They were washed in deionised water for 5 min. 
Step 5: They were soaked in a solution containing 
cl utaraldehyde (1\ w/v and sodium acetate (0.5M) for 30 
iTii n . 

Step 0: They were washed 3 times in deionised water fc: 
10 mm . 

Step 7: In order to obtain homogenous dark brown 
20 staining of proteins, gels were soaked twice in a 2, 7- 

naphthalenedisulphonic acid solution (0.05% w/v) for 30 
mi n . 

Step 8: The gels were then rinsed 4 times in deionised 
water for 15 mm. 

25 Step 9: The gels were stained m a treshly made 

ammoniacal silver nitrate solution for 30 minutes. To 
prepare 750ml of this solution, 6g of silver nitrate were 
dissolved in 30ml of deionised water, which was slowly 
n.:xed into a solut:icn containing 160mi cf water, 10ml of 

30 concentrated ammonia (25%) and 1.5ml c sodium hydroxide 

::0N;. a transient crown precipitate might form. After 

cleared, water was added to give tne final volume. 
5:ec 10: After sta:n:nc, the gels were washed 4 times in 
ce ionised water for man. 

3^ ^::ec 11: The imaoes were developed in a solution of 



Scanning of the gels 

":.-:= Laser Lens cr-.£ : ^ : 



■ :"■ c: - - c- 



s::ar-r:er5 were ^::.r:ec *. 
Qua nti tativ e um a qe analy sns of the g els u sing ^^ Melanie 



;.\-seG c: ccn;cui^: alio: cuar.i : ^ a i : \-g iirLdoe cn^^ys:: 



arc automatic eel ccr^rariscr. Since tne l-D-PAGE 
rerrrique was first ceveicpec m 197^ several computer 
s\-s:emis have beer manuractured, mainiy ry academic 2-L- 
I-ALL related labor a t c r ■ e s . In the present work, "Melan:r 
11", developed at the university Hospital of Geneva was 
used. It is available for ''Unix" workstations, as well 
a^- for ''Power Macir.tc^'r/' and I EM-compa t : b i e computers. 

c: cz and lean mace src detection, quantitation and 
r.a:ch:nG, eel image extraction, zoommc, warpinq and 
:..::ntinc as well a- - stackmc enc rltmnc were 
Cc.::ied out with t::-'- ^^>:elView" proora:;.. 

7:.-. fcllowmc DKFs we. : e found which we:c: all underexposec 
:: :c./ob mice relat:'."- tc expression i:. .can mice. 

LCM 1 £ 

I.OM 1^ 

LCI^ 16 




7 t 



hOK 2C 

LOM 2: 

]jGK 2. 

: LOK 2.: 

lon:: 2 4 

LOM 2^ 
LOM 2t 
LOM 2 7 

IC' . LOM 2 8 

LOM] 2 9 

The drawings are presented to show the location of the 
DEPs by reference to Figure 1 and the differential 
It expression m Figures 2-5. 



The locations are shown in the maps of Figures lA - 12, 
in which Figure IE shows the entire map from the 2-D-PAGE 
of liver tissue of lean mice. (It so happens that all the 
differentially- expressed proteins identified are over- 
2C expressed m the lean control mice, relative to the ob/ob 

control mice.; The map is divided into four quadrants in 
the manner: 



j Fig. lA 


Fig. IE 


Fig. IC 


Fig. ID 



in which the pi runs from left (low pi) to right (high 
pi) and the relative molecular mass from top to bottcrr., 
so that the cuacrant of Figure Ik snows the spots 
corresponding t proteins of the jcwest pi and higher: 
relative micjecular mass and the quadrant of Figure ] 1. 
those of the tzcriest pi and lowest relative molecuia: 
miass. The 2E:-s are marked as LOM. 6, L0M17, L0M1£, 
LOMIS, L0M2C, ICX 21, LOM22, L0M2j, LOM24, LOM25, LCM^ t , 
LOM27, L0M2£, and LOiyi29. The cthei spots identified are 
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Table 1 : 


DEP spots 


from liver 


of 


obese 


mice 




ID ■ 


% Vol , 


Area 


OD 






Pi 


RMM 


LCM] c 


r\ n — — 


1.470 


- 


4 60 




6.3 5 


160851 


LCMl": 


0 . 034 


0 . 6 & £ 


0 . 


5 9 




5. 61 


90000 


LOMie 


0.059 


C . 858 


0 , 


9 5 9 




6.54 


82896 


lck: r 


e.57C 


2.154 




/■ - r 
h X ^ 






5 8 0 0 C' 


LCM2C 


0.295 


2 . 6 C' 2 


1 , 


4 56 




5.6;- 


56422 


L0M2: 


0.409 


" r. — 


-1 

i. . 


4 75 




6.31 


^ G Q "7 2 


LOM22 


0.263 


2 . 326 


1 . 


492 




6.2 5 


42937 


LOM2 3 


0.245 


1 . 96C 


1 . 


534 




6.80 


36508 


LOM2 4 


0.293 


2.419 


'l 


462 




6.8 3 


32671 


LCM2^ 


0 . 386 


" 2"" 


1 . 


4 3 9 




6.2 6 


26266 


L0M2 t 


0.296 


2.664 




396 




5.10 


24202 




0. 166 


2.174 


1 . 


012 




7.17 


15285 


L0M2& 


1 . 495 


10 . 596 


1 . 


655 




9 . 07 


13016 


LCM 2 9 


0.255 


2.756 


1 . 


200 




6.3 3 


11946 



76 





Table 2 : 


Reference 


spots from 


liver of 


obese 


control 




mice 
















ID 


% Vol. 


Area 


OD 


Pi 


KMM 




P99015 


0 . 122 


1.102 


1.286 


6 . 


31 


160851 




P99015 


0.177 


1.470 


1 . 460 


6 . 


35 


160851 




P99015 


0.161 


0 .766 


1.076 


6 . 


17 


160851 




P99015 


0 . 098 


1 . 041 


1 .252 


6 . 


22 


160851 




P99015 


0.157 


1.715 


1 . 302 


6 . 


26 


160000 




Q05920 


0.085 


1.133 


1 .050 


6 . 


16 


121447 




Q05920 


0.039 


0 . 643 


0 .803 


6 . 


12 


121447 




Q05920 


0.201 


2 . 266 


1.281 


6. 


21 


120000 




POSH 3 


0.023 


0 . 306 


0 . 981 


4 . 


87 


90604 




P0SI13 


0 . 082 


0 . 827 


1.214 


4 . 


89 


89679 




P08113 


0. 02 5 


0.337 


0.911 


4 . 


89 


90000 


15 


P99017 


0.011 


0.766 


0.176 


5 . 


42 


90604 




P99017 


0. 02C 


1 .194 


0.228 


5 . 


52 


90000 




P99017 


0. 034 


0.088 


0.595 


5 . 


61 


90000 




P99017 


0 . 094 


1 .317 


0. 077 


5 . 


68 


89359 




P99017 


0 . 0 2 C 


0.898 


u . z y c 


5 . 


/ / 


r\ ^ r\ 
:? U U U U 


20 


P11499 


0 . 033 


0. 766 


0. 669 


5 . 


02 


82305 




P37040 


0.020 


0. 674 


0. 465 


5 . 


28 


71490 




P37040 


0.006 


0.429 


0.226 


5 . 


25 


71299 




P20029 


0.030 


0.735 


0.553 


4 . 


99 


70356 




P20029 


0 . 074 


0. 919 


1 . 072 


5 . 


01 


70169 


25 


P20029 


0. 433 


3. 951 


1 . 391 


5 . 


04 


69426 




P38647 


0 . 044 


1 . 102 


0. 539 


5 . 


29 


69426 




P38647 


0. oi: 


0. 643 


0.20C 


5 . 


27 


69426 




P38647 


0. 067 


1 . 133 


0.86: 


5 . 


32 


69057 




P38647 


0.266 


2 . 909 


1.27 3 


5 . 


34 


68 690 


50 


P16627 


0. 027 


1 . 164 


0.317 


5 . 


25 


677 8: 




P16627 


0. 066 


0. 949 


0. 97C 


5 . 


27 


67421 




P16627 


0 .367 


3. 675 


1.304 


5 . 


30 


67063 




P07724 


0. 022 


0 . 888 


0. 34 3 


5 . 


68 


66707 




P07724 


0. 153 


1 .378 


1.256 


5 . 


79 


66529 


3 5 


P07724 


0 . 036 


1 . 072 


0.469 


5 . 


42 


6600G 






ID 


% Vol . 


Area 


OD 


Pi 


RMM 








1.929 




5.49 


6 5 6" } 




p - / - - ' 




1 . ~ t c 


. c c. 




c ^ z 






r - ~ ' 


2 '■ ' 


^ . ^ L 


4.44 


596:" 


: 


P 1 r 2 Z c 






_ . C 


3.2c 


5 8 2 8 9 




F 1 52 2 c 


r, - 


3.15^ 




c . J- - 


- P 0 ' ' 




F19226 


C . 1 3 2 


1.501 


" . 1 b 1 


5.29 


5 814 4 




F14Z2: 


0.023 


0.949 


0.546 




5657c 




F2':'~~2 




1 . :-i~ 


C . & 9 J 


5 . 7C 


5 6 4 2 : 


1 r 


F2"^^2 


0 . 2 9 r 


2.603 


1.43b 


^. 6 " 


5 6 4 2 2 




P091C3 


0.422 


3.246 


1.472 


4.86 


5 5 4 9 6 




P091C3 


0 .059 


0 . 551 




4 .82 


5 5 8 0 3 




F09103 


0.114 


1 . 001 


1.421 


4 .88 


55496 




p C Q Q 1 O 


0.09 e 


1.072 




5.72 


5 4 5 8 5 


' c 


PC255: 


C . 0 5 C 


0.827 


0.786 




5 3 5 4 1 




P04104 


0.04:- 


1.041 


0 . 5 5 e 


5 . 54 


5324 6 




P20152 


0. 02 6 


0. 521 


0.574 


5. 12 


53099 




P56480 


0. 054 


1 . 072 


0.654 


4 . 96 


49835 




P56480 


0. 137 


1 .409 


1.316 


5. 00 


49561 




P56480 


0.448 


3.553 


1.472 


5. 05 


4 9152 




P17182 


0. 4 68 


3 . 706 


1 . 542 


6.54 


46771 




P05784 


0.038 


1.011 


0.4S7 


5.15 


46771 




P05784 


0. 083 


1 . 501 


0.737 


5.20 


46771 




P05784 


0 . 13C 


1 . 654 


1 . 056 


5 .26 


46642 


2 5 


P2975B 


0 . 074 


1 . 072 


1.01" 


5.88 


4 4 260 




P99021 


0. 318 


2 . 695 


1 .392 


5.2 5 


4 2 000 




P99022 


0 . 064 


0. 827 


1 .093 


5 . 27 


42232 




P99016 


0 . 16C 


1.715 


1.218 


6.4 3 


41168 




P35505 


0.416 


3 . 093 


1 . 63^: 


6. 77 


4 0 985 


" f 


P14206 


0 .111 


1 .562 


0.991 


4 .85 


4 0 98^ 




P9901 8 


0 . 0 1 c 


1.164 


0 . 1 ~ 5 


5.2"^ 


4 0 62: 




C 6 4 5 7 4 


0.484 


4 . 104 


1.36' 


5. 08 


3 3 929 




P50451 


0 . 05 £ 


0. 521 


1 . 3 1 1 


6.78 


3206: 




F 1 6 0 1 5 


1.49? 


9.769 




6. 93 


2 814 9 




P16015 


0. 56C 


4 . 165 


1.576 


6.64 


27855 




1 c. 





ID 


% Vol. 


Area 


OD 


Pi 


RMM 




P07724 


0 . 206 


1 . 929 


1 


c r 
. J b U 


c 

3 . 


/I Q 


65673 




P14755 


0 . 02C 


0. 766 


U 


. o b b 


c 

D . 


n 

U 


65510 




P142i J 


0.173 


2.113 


1 


. 1 u / 






59607 




P1922fc 


0 . 05C 


1 . 072 


n 


, D J. T 






58289 




P19226 


0 . 37 0 


3.154 


1 


» H ± H 






58000 




P19226 


0 . 132 


1 . 501 


1 
1 


. 1 O 1 






58144 




P1421i 


0. 023 


0.949 


U 


A 

, J fi D 


/I 




56578 




P27773 


0. 07 7 


1 . 317 


U 




O . 


^7 Pi 


56422 


10 


P27773 


0.295 


2. 603 


1 




O . 


o J 


56422 




P09103 


0. 422 


3.246 


1 


.4/1 


4 . 


O D 


554 96 




P0 910 3 


0.059 


0. 551 


1 


"5 9 


/ 

H . 


o z 


55803 




P09103 


0.114 


1 . 001 


1 


/) 9 1 
. 41 Z 1 


/ 

4 . 


p p 


55496 




P99019 


0 .096 


1 . 072 


J. 


. 25z 


5 . 


1 o 

12. 


54585 


15 


P02551 


0 . 050 


0. 827 


U 


. / o b 


3 . 




53541 




P04104 


0.043 


1.041 


U 


j:; c; i^: 
.300 




/I 

3 ^ 


5324 6 




P2 0152 


C . 02 6 


0.521 


p 
u 


c, ^ / 
. D / h 




1 ^ 


5 30 9 9 




P56460 


0 . 054 


1 . 072 


U 


. D 3 4r 


/I 


^ b 


4 9835 




D c, tf; /I or 


0.137 


1.409 




3 J- O 


D . 


u u 


49561 


20 


P56480 


0.448 


3 . 553 


1 


. 4 / Z 




u o 


4 9152 




P17182 


0.466 


3 . 706 


-1 
I 


c; /I 9 
O ^ Z 


b . 


zi 


46771 




P05784 


0 . 036 


1.011 


U 


/] Q ^7 
^ y / 


c: 

D . 


1 ^ 
± o 


4 6771 




P05784 


0 . 083 


1 . 501 


U 


„ _ ^ 
/ 3 / 


O . 




46771 




P05784 


0. 130 


1 . 654 


1 . 


n ^ 

U D D 


D . 


9 ^ 


4 6642 




P29758 


0 . 074 


1.072 


1 


nil 


3 . 


pp 

O O 


44260 




P99021 


0. 316 


2.695 


1 . 


"5 0 9 
J z 


c; 

3 . 


9 S 


42000 




P99022 


0. 064 


0.827 


1 . 


n Q 

U i:? J 




97 


42232 




P9901£ 


C . 1 60 


1.715 


1 . 




a 

\j . 




41168 




P35505 


0.416 


3 . 093 




CO ^ 


u . 


7 7 


40985 


' r 


P14206 


0 .111 


1 . 562 


0 . 


9S1 


4 . 


85 


40985 




P99018 


0. 016 


1 .164 


0 . 


175 


5. 


27 


40622 




Q64374 


0.484 


4 .104 


1 . 


367 


5. 


08 


33929 




P50431 


C . 058 


0. 521 




316 


6. 


78 


32060 




P16015 


1.493 


9.769 


i ■ 


722 


6. 


93 


28149 




P16015 


0 . 5 60 


4 .165 


1 . 


576 


6. 


84 


27855 



ID 

FltC 
PC C 4 i 

^' V, J 



% Vol 



F 0 2 / 6 2 
P99C: 4 
? 5 6 3 9 5 
P0822& 
P1276 7 
F1604 5 
P 1 2 7 1 C. 



U.Jul 

C . C4 4 

■ ■ . K. 

C . 466 
0.22 4 

C . :';3 



Area 



: . ct: 



2 . 542 
5.553 

3 . 032 

4 . 349 
2.848 
2 . 634 
2.756 



OD 



^ . H --J t 



1.461 

n 

1 . 065 
1.316 
1.046 



0 . S 



c 1 c 



Pi 

c . ~ 4 
4 . ■ 2 
5.45 

c - 
J c ' 
4 . EC 
4.86 
4 . 06 
4.63 
6. 14 
4 . 91 
5.0 6 
6.35 



RMM 

2 6 ~ 1 1 
24664 
2 4202 
2 4 C 5 2 
19046 
19046 
14659 
14567 
14537 
12435 
12381 
11946 



The pcsiticr.s cf some cf the DEPs coincide with these cf 
reference sects. Sequencing will be undertaken to checK 
whether they are actually the same. 

2r Referring now to Figures 2-6, these Figures show images 

of lean controls (left) and cb/cb ("obese") controls 
(right) relating to one mouse. It should be appreciated 
that these i.Tiages cannot fully represent to the eye the 
differences in expression measurable by computer. Thus, 

25 underneath, a bar chart is provided in which the volume 

of the spot as a percentage of the total volume cf all 
spots is shown on the y-axis. All bar charts relate to 
4 mice and resulted from a student T test (P<0.01 . 



# m 

8 I 

The fclJowinq proteins have been identified as liver 
markers . 
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MARKtiK 


NAME 


PRO! EIN DESCRIPTION 


SWISS-PROT 

AC 


METHOD OF 
IDENTIFICATION 




CPSl 


CarhainoN l -phosphate s\'niheiase I (ral) 


P07756/P99015 . 


PMF+MS/MS 


LOMi: 


I-rHFD 


1 0-Formyllelrahydrofolale 
dehydrogenase (rat) 


P28037/P99O17 


PMF 


1X)M 


M2GD 


Dimclhylglycinc dehydrogenase (ral) 


Q63342 


PMF 


L0M19 


HSI'6() 


Heat shock protein 60 


PI 9226 


PMF 


LOM20 


I1RP6O 


Protein disulfide isomerase ER-60 


P27773 


PMF 


L0M21 


ALDHI 


Aldehyde dehydrogenase, 
mitochondrial 


P47738 


PMF 


LOM22 


SAHH 


Adensoylhomocysteinase 


P50247 


PMF 


LOM23 


ALR 


Alcohol dehydrogenase (rat) 




I ivi r ' ivi 0/ ivi 0 


LOM24 


GNMT 


Glycine N-methyltransferase (rat) 


PI 325 5 


PMF+MS/MS 


LOM25 


AOP2 


Nonselenium glutathione peroxidase 


008709 


PMF+MS/MS 


LOM26 










LOIVI27 


PPiA 


Pepiidyi-proiyi cis-trairi isonierase A 


P17742 


PMF+MS/MS 


LOM28 


FABPL 


Fatty acid binding protein, liver 


P12710 


PMF+MS/MS 


LOM29 


DDT 


D-dopachrome tautomerase 


035215 


PMF+MS/MS 


LSEM30 




Unknown protein 


P99032 


PMF 



20 



Preparative 2-D-PAGE 

The analytical 2-DGE described above was repeated, with the 
following changes. Four mg of dried- liver was mixed with 45 
25 microlitres of the solubi 1 i sat ion solution and loaded into 

the IPC- strips by in-gel rehydration. 

After the first dimension run the strips were equilibrated 
using 3 ml of each buffer per groove. 

30 



Protein el e ctroblottino 

The bicttmg of proteins separated by 2-D-PAGE onto 



m 



zride ;?VDF^ nerribranes has enabled the 
iaentif icaticr. and character i saricn cf proteins from complex 
biclocical samples. Transfer cf the proteins can be carried 
out using several miethods such as vacuum., capillary or 
electric field. Electrcblctt ing, using vertical buffer tanks 
or a sem^i-dry method is preferred. Both techniques can use 
the 3- [ cyclchexamino J -1-propanesulf cnic acid (CAPS) transfer 
buffer. Gloves miust be worn and all filter papers should be 
washed tnree times for 3 mm in water and three times in 
transfer buffer. These two steps are important in order to 
avoid any protein or ammo acid contamination. 



The procedure was as fellows. After second-dimensional 
elect roonoresis , the gels were soaked m deicnized water for 

15 3 mm. Then they were equilibrated m a solution containing 

lOmM CAPS pH 11 for 30 min. At the same timie, PVDF membranes 
were wetted in methanol for 1 min and equilibrated in a 
solution containing lOmM CAPS pH 11 and methanol (10% v/v) 
also for 30 min. Elect roblott ing was carried out in a semi- 

20 dry apparatus with a solution containing lOmM CAPS pH 11 and 

methanol (20% v/v anodic side; 5% v/v cathodic side) at 1 
mA/cm^ constant current for 3 hours at IS'^C. 



Protein detection on PVDF membranes 

25 Amido Black and Coomassie Brilliant Blue R-250 were used 

instead of silver staining to visualise proteins on PVDF 
membranes and are compatible with the ensuing post-separation 
analysis. Thus, in another 2~DGE run, after electrotransf er , 
the PVDF membranes were stained in a solution containing 

3C Amiidc Black (0.5% w/v) , iscpropanol (25% v/v; and acetic acid 

(10% v/v; for 2 min. Destaining was done by several soakings 
in deionized water. 
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In anctner run, after elect rot ransfer , the PVDF membranes 
were stained in a solution containing Coomassie Brilliant 



10 



25 



30 



m 



Blue R-250 (0.1% w/v) and methanol (50% v/v) for 15 mm. 
Destaining was done in a solution containing methanol (40% 
v/v) and acetic acid (10% v/v). The same method was used for 
preparative gels that did not need electrotransf er for 
further post -separation analysis, such as peptide mass 
fingerprinting . 

The PVDF stained membranes were either air-dried or dried on 
a 5mmi thick plate onto a heating plate at 37°C for 10 min. 

Scanning 

This was done as described above. 

Protein identification 

15 In amino sequence analysis by Edman degradation, amino acid 

derivatives are sequentially cleaved one at a time from the 
protein. Proteins with a chemically inaccessible alpha-aminc 
group cannot be sequenced directly by this procedure and are 
t e irme d N — t e rmi n a 1 1 y blocked. The best way to overcome the 

20 blocked proteins is to generate individual fragments by 

chemical or proteolytic cleavage. Routinely, ten to twelve 
Edman degradation cycles were performed for each spot. A 
search in the SWISS-PROT database was made to detect identity 
to known protein sequences. 
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The Amido Black stained proteins were excised with a razor 
blade and N-terminal sequencing was performed using an AB] 
model 473A or 477A microsequencer from Applied Biosystems 
equipped with "'Problott" cartridges. 

For internal sequencing, the spots of interest were excised 
and soaked for two hours in a solution containing acetic acid 
(lOOmM), methanol (10% v/v) and PVP-40 (1% v/v) at 37°C. After 
three washes in deionized water, the PVDF spots were cut into 
small pieces (about Imm^) and incubated in 25 microlitres of a 




5 4 



scluricn ccntaining scdiurc. phcsphare (lOOmM) pH 8.C and Ivsvl 
endcpept idase ■: 1 micrograrr." . Fcllcwinc overnight dioesticn 
at rccm t erupera t ure , guanidme-HCI (26 mg ^ and DTT (IOC 
rMcrccrams v/ere adaed. After reduction for 2 hours at 37-C, 
: t:.e r:i>:ture wa5 incubated fc: 3C :T.:n, at room temperature, 

with jCC n.icrccrams cf iCGcacetamiae . The digestion solution 
was removec anc kept. FVDF pieces were then extracteo 
overnight v;ith 25 microlitres of a solutio^n ccntainmo 
iscprcpanc- i v / v \ and triflucroacetic acid (5% v;/''v' . 
IC This eiuticn solution was remLO^vec anc the PVDF was washed 

twice with 60 microlitres of TFA (C. 1% w/v). The digestion 
and elution solutions were pooled together with two final 
washes and this mixture was separated by two-dimensional 
reverse phase HPLC and sequence determanat ion performied. 

15 

Immunoblottinq 

PVDF membranes were first stained to visualise proteins, 
following which the imimunodetect ion was undertaken. This 
allowed miatching of proteins detected with ECL against those 
2C detected with the non-specific protein stain through computer 

comparison of both images. The mechanical strength of PVDF 
was also exploited as the same 2-D gel can be used many times 
for different antibodies. 

25 The whole procedure was carried cut in a rotating oven at 

room temperature. The use of a nucleic acid glass hybridiser 
tube minimised the volumes and costs. 

The membranes were blocked in 1 0 ml of a solution of 30 
3C PBS (pK ^.2: and non-fat dry rr.i 1 k (5% w/v) for 30 mm. 

The membranes were then incubated in 10 ir.l cf a solution 
containinc FES-"'Tween" 20 (0.5% v/v), non-fat cry milk 
(5% w/v; and the primary antibody/antibodies (1:100 or 
?5 greater, cepending on the antibody) for 2 hours. 
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Three quick rinses were performed with 10 ml of PBS- 
"Tween" 20 (0.5% v/v) and then the membranes were washed 
for 3 X 10 min with 10 ml of PBS-"Tween" 20 (0.5% v/v). 

The membranes were incubated in 10 ml of a solution 
containing PBS-^^Tween" 20 (0.5% v/v), non-fat dry milk 
(5% w/v) and the secondary peroxidase-con j ugated 
antibody (1.1000; for example, if the primary antibody 
■ was sheep anti-mouse, then goat anti-sheep IgG was used 
as the secondary antibody) for 1 hour. 

Three quick rinses were performed with 10 ml of PBS- 
"Tween" 20 (0.5% v/v) and then the membranes were washed 
for 5 X 10 min with 10 ml of PBS-"Tween" 20 (0.5% v/v). 

After the last wash, the membranes were transferred to a 
clean glass plate and covered with 10 ml of developing 
solution (for example ECL from A.mersham International or 
Roche Diagnostics) for 2 min. 

The excess developing solution was drained, the 20 
membranes were wrapped in "Saran" film and fixed in an 
X-ray film cassette with the proteins facing up. 
An X-ray film was then exposed in a dark room for few 
seconds or up to several minutes. 

Peptide mass fingerp rinting 

The 2-DGE method was repeated, but using a Coomassie blue 
stain. The 2-DGE spots were cestained with 100 microlitres 
of 30% acetonitrile in 50mM ammonium bicarbonate at 37 °C for 
45 mm. The supernatant was discarded and the gel spots 
dried in a "SpeedVac" for 30 min. The gel spots were 
rehydratea with 25 microlitres of a solution containing 0.2 
micrograms of porcine trypsin and 50mM ammonium bicarbonate 
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. Tr.er. the ael spots and supernatant v;ere 
driec in a "SpeecVac" fcr ?C r.in, rehydrated with 2C 
HMcrclitres cf H^C fcr 3C r:in at jS^'C and dried again fcr 3C 
rT.in . Twenf.' r.icrclitres cf a scluticn cf 50% cf acetcnitriie 
a:_: ..I' ^: TTA was az::ec : ::.e sects anc sonicated fcr l\ 
:m n . i w c :: . ^ c r c 1 i t r c s c 1 n o c e r n a t a n t 5' v.* a s ^ c a o e o m e a c : . 
well cf a i-t or 4C0 ^:ALL: target plate. The samples were 
atr-driec. Then 2 rr.icrclit res cf a scluticn containing 4 
rriC/T.^ c: alcha-cvanc-4-hydrcxycinnamic acid, 50% acetcnitriie 
and'C. 1^ TFA was adoec to each well and air-dried. 

The peptide mixtures were analysed by matrix-assisted laser 
desorpti on/ ionization time-cf- flight mass spectrometer 
(Perseptive Biosystems Voyager Elite MALDI -TOF-MS ) with a 
nitrogen laser (537nm) and operated in reflectron delayed 
extraction mode. 

Protein identification has been carried out using ''Peptldent" 

( http: / /www . expasv. ch/ tools /peptident . html ) . It is a tOOl that 

allows the identification of proteins using pi, relative 
molecular miass and peptide mass fingerprinting data. 
Experimentally measured, user-specified peptide masses were 
compared with the theoretical peptides calculated for all 
proteins in the SWISS-PROT/TREMBL databases. 

MS/MS secruencing 

When protein identification was not successful with the 
peptide mass fingerprinting procedure, the supernatant of 
digested spots was desalted :n "ZipTip" C18 pipette tips 
(Millipore. and eluted with 50% acetcnitriie and 0.1% TFA. 
Peptides were applied by nanofiow (in-house nancspray) sample 
introduction to a tandemi mass spectrometer that consists cf 
two quacrupoles and an orthogonal time cf flight tube (Q-TOF) 
from MicrcMass (UK; . Fragment ion spectra were interpreted 
with the MCWSE database search 
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nana management: The mouse SWISS-2-DPAGE d atabase 

SW1SS-2-DPAGE is an annotated 2-D-PAGE database in which all 
b the data are easily retrieved by computer programs and stored 

in a format similar to that of the SWISS-PROT Protein 
Sequence Database, one of the most updated and annotated 
protein sequence databases presently available. The SWISS-2- 
DPAGE database assembles data on proteins identified on 

IC various 2-D-PAGE maps. Each SWISS-2-DPAGE entry contains 

data on one protein, including mapping procedures, 
physiological and pathological data and bibliographical 
references, as well as several 2-D-PAGE images showing the 
protein location. Cross-references are provided to SWISS- 

15 PROT and, through the latter, to other databases (EMBL, 

Genbank, PROSITE, OMIM, etc) . The database has been set up 
on the ExPASy World Wide Web server ( http : / /www . expasy . ch/ ) . 
Worldwide, scientists using similar 2-D-PAGE protocols 
(immobilised pH gradient as first dimensional separation) are 

20 now able to compare their images with SWISS-2-DPAGE maps. 

EXAMPLE 2 

The method of Example 1 was repeated, substituting for the 
liver tissue 200 micrograms (analytical scale) or 4 mg 
25 (preparative scale) of dried gastrocnemius muscle tissue and 

using the same respective volumes of the protein-solubilising 
solution as in Example 1. A 2-DGE map was thus obtained, 
from which DEPs were identified and isolated. 

30 The muscle DEPs were: 

MOM 31 
MOM 32 
MOM 34 
MOM 36 

35 which were underexpressed in ob/ob mouse skeletal muscle 



m 



S >1 C £■ S S ^ 



. r. lear. rr.cuse skeleta- T.uscxe ar.c 



v;:m c;-. were cverexpressec 
^-a:. . T:iese are sr.cv;:'. i: 



cc/cr SKe^eta^ muscie rexative tc 
3ures 9-21 inclusive. 



-s has been cet-errr.inec oy running tne 
:.iv£r exrract ircn; lean r.ice in the same eel as the muscle 
eKZi-e.cz r sc zr.az liver prc^ein reference spcts appear in the 
muscle extract gel zc serve as reference spcts. 



The fcllowing prctem have now been identified as muscle 
markers . 
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MARKER 


GENE 
NAME 


PROTEIN DESCRIPTION 


swiss- 

PROT AC 


METHOD OF 
IDENTIFICATION 


M0M3] 


PCX 


Pyruvate carboxylase 


00592 0 


PMF 


MOM32 










MOM33 










MOM34 


IRP2 


Iron responsive element binding 
protein 2 


06275 1 


PMF 


MOM35 










MOM36 


-> 
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EXAMPLE 3 

The method of Example 1 was repeated, substituting for the 
liver tissue 16mg (analytical scale) or 160mc (preparative 
scale, of white adipose tissue and using the same respective 
30 volumes of the protein-sclubilising solution as in Example 1. 

h 2-Z>GZ map was thus cbtamec, from which EEFs were 
icentified and isolated. 



8 9 

The location of the proteins has been determined by running 
the liver extract from lean mice in the same gel as the white 
adipose extract, sc that the liver protein reference spots 
appeal in the wh::e adipose extract cet tc serve as reference 
5 spots for the latter also. 

The following differentially expressed proteins are 
underexpressed in ob/ob mouse adipose tissue relative tc lean 
mouse adipose tissue: 
10 ' WOM 3 7 WOM 52 WOM 60 

won 38 WOM 53 WOM 61 

WOM 4 4 WOM 54 WOM 62 

WOM 4 5 WOM 55 WOM 63 

WOM 4 6 WOM 57 WOM 64 

15 WOM 4 9 WOM 58 

WOM 5 0 WOM 5 9 

The following differentially expressed proteins were 

xpressed in obese mouse adipose tissue relative to 
20 adipose tissue of lean mice: 

WOM 3 9 
WOM 4 0 
WOM 41 
WOM 4 2 

25 WOM 4 3 

WOM 4 6 
WOM 4 7 
WOM 51 

These are shown in Figures 12-23 inclusive 
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The fcllcv.'inc aciccse rr.arKers have been identified. 



i MARKER 


GENE 
1 NAME 


PROTEIN DESCRIPTION 


^ SWISS-PROT 

i 

AC 


METHOD OF 
IDENTIFICATION 


! \VOMT37 




! 




i 


^ WOM3S 












r ' 

! \VOMT39 


i 

! 


! 


1 




GRP75 


' Mitochondrial siress-70 protein 


P38647 


PMF 


1 WOM41 


1 ! 






WOM14: 


ALB 


Albumin ( Fragment) 


P07724 


PMF 




WOM43 










10 


WOM44 












WOM45 












\VOM46 












WOM47 












WOMT48 




i 




15 


WOMT49 












WOMT50 


CA3 


Carbonic anhydrase 3 (fragment) 


P16015 


PMF 




WOM51 


ANX2 


Lipocortin II 


P07356 


PMF 




WOM52 


CA3 


Carbonic Anhydrase 3 (Fragment) 


P16015 


PMF 




WOM53 










20 


WOM54 












WOM55 












WOM56 


FTLl 


Ferritin Light Chain 1 


P29391 


PMF 




WOM57 












WOM58 










25 


WOM59 












WOM60 












W0M6] 












WOM62 












WOM63 




1 




h 

3C 




CA2 


Carbonic Anhydrase 2 (Fragment) 


P00920 


PMI 




WSEM65 




i 





EXAMPLE 4 

The method of Example 1 was repeated, substituting for the 
liver tissue 400 micrograms (analytical scale) or 4mg 
(preparative scale) of brown adipose tissue and using the 
same respective volumes of the protein-solubilising solution 
as in Example 1. The weight of sample loaded was 150 
micrograms (analytical) or 1 . 5mg (preparative). A 2-DGE map 
was thus obtained, from which DEPs were identified and 
isolated . 

The location ot the proteins iidt. uc<=ii u^^.^...... — --j ^ 

the liver extract from lean mice in the same gel as the brown 
adipose extract, so that the liver protein reference spots 
appear in the brown adipose extract gel to serve as reference 
spots for the latter also. 

The brown adipose tissue DEPs which are overexpressed in 
ob/ob mouse brown adipose tissue relative to lean mouse brown 

auxpi-'ot — w . 

BOM 66 
BOM 67 
BOM 68 
BOM 7 5 
BOM 7 6 
BOM 7 7 

The brown adipose tissue DEPs that are underexpressed in 
ob/ob mouse brown adipose tissue relative to lean mouse 
adipose tissue are: 

BOM 69 

BOM 7 0 

BOM 71 

BOM 7 2 

BOM 7 3 

BOM 7 4 
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These are shewn in Figures 24-29 inclusive. 
EXAMPLE 5 

Lean mice and cb/cb mice, either fed ad-lib or fasted 
cvernicr.t were anaesrhetii see with 50% hypnovel and 5G\ 
hypcncrr. anc then killec numanely with carbon dicxide gas. 
The hypothalamus was removed and frozen in liquid nitrogen. 
The m^ethod of exam^ple 1 was then followed but using 200mg of 
hypothalamic tissue rather than 200mg liver. 

The references mentioned herein are all expressly 
incorporated by reference. 
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Claims : 

1. A method of screening an agent to determine its 
usefulness in treating a condition characterised by abnormal 
body weight o: eating dysfunction, the method comprising: 
L (a) establishing a paradigm in which at least one 

protein is differentially expressed in relevant tissue from, 
or representative of, subjects having differential levels of 
body weight or eating dysfunction; 

(b) obtaining a sample of relevant tissue taken from, 
10 or representative of, a subject having body weight or eating 

disorders, who or which has been treated with the agent being 
screened; 

(c) determining the presence, absence or degree or 

expression of the differentially expressed protein or 
15 proteins in the tissue from, or representative of, the 

treated subjects; and 

(d) selecting or rejecting the agent according to the 
extent to which it changes the expression of the 
differentially expressed protein or proteins in the treated 

20 subject having body weight or eating disorders- 



2. The method of claim 1, wherein the agent is selected if 
it converts the expression of the differentially expressed 
protein towards that of a subject having a more normal body 

25 weight or eating behaviour. 

3. The method of claim 1 or claim 2, wherein the agent is 
selected if it converts the expression of the protein or 
proteins to that of the normal subject. 

30 

4. The method of any one of claims 1 to 3, wherein the body 
weioht or eating disorder is a result of a disorder which 
causes an increase in body weight and/or which is associated 
with an excess food consumption. 
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i. Tne r^.etr.cc ci any cne cf ^ne prececir.c claiir.s, whereir. 
tne caraaicrr, is basec cr. tissue frc- obese subjects and 
ncrrrial subjects. 

?. ::xt:;cd c: any c: clam,? 1 tc 4, wherein tne tcdy 
wetcnt and/cr eatmc aiscraer is a result cf a disorder wnicn 
causes a recucticn m bcdy weight ana-cr wnicn is asscciatec 
with a low food intake. 

-. ■ A method cf claiir. 6, wherein the paradigm is based on 
tissue from subjects with anorexia nervosa or bulimia or AIDS 
or cancer and normal subjects. 

8. The method cf claim 1, whereon the paradigm is based on 
animals which are models of obesity as a result of a genetic 
mutation such as ob/ob, db/db, agouti, fat, tub, fa/fa 
together with lean littermates. 

9. The method of claim 1, wherein the paradigm is based on 
animals in which obesity is induced or exacerbated by dietary 
treatment . 

10. The method of claim 1, wherein the paradigm is based on 
desert rodents such as spiny mice or sand rats, which develop 
obesity on normal laboratory diets. 

1-. The method of claim 1, wherein differential levels of 
obesity occur m apparently similar animals in which it is 
attempted to induce obesity by dietary modification. 

11. The method cf any cne of the prececmc claims, wherein 
ir. tne paradigm, the EJn:ects having diflerential levels cf 
bccy weight or function comprise norm.al subjects and obese 
sub" ects . 
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15. A method of any one of the preceding claims, wherein in 
the paradigm, the subjects having differential levels of body 
weight comprise obese subjects and body weight reduced 
previously obese subjects or obese subjects and subjects who 
resisted the development of obesity. 

14. The method of any one of the preceding claims, wherein 
in the paradigm, the subjects having differential levels of 
body weight comprise normal subjects and subjects having a 
below normal body weight. 

15. The method of claim 13, wherein the body weight of a 
subject is reduced by treatment with a drug, dietary 
restriction or exercise. 

16. The method of claim 15, wherein the drug is a 
thermogenic drug. 

17- The method of claimi 16, wherein the the rmcgenrc v^rug is 
a bj-adrenoceptor agonist. 

16- The method of claim 15, wherein the drug is an anorexic 
drug . 

19. The method of claim 18, wherein the anorexic drug is 
sibutramine or f enf luramine . 

20. The method of claim 1-4, wherein the paradigm is based 
on animals, which are fed, fasted or sated. 

21. The method of any one of the preceding claims, wherein 
in the paradigm, the subjects having differential levels of 
protein expression comprise normal subjects and underweight 
or overweight subjects. 



1" ""^e rr^etncc ci ar// cr.e cf the preceamc c^airriS, wnereir. 

1- the paradic-, tne sucrects having differential levels c: 
prctem expression corriprise: 

;■ 5 ■ ncrn.al s-jc'ects and unaerweicht cr overweicht 

: siic^ects; anc 

• t jnce 1 we: :n:t cr cverweicnt suciects which have :.c\ 
reen treatec v;:tn tne agent anc underweight or overweight 
sufc^. ects which have been treated with the agent. 

IC 11. • The metncc cf claiir. 22, wnerem tne differential levels 

cf protein expression are not observed m normal subiects who 
have and have not been treated with the agent. 

24. The method cf any one of the preceding claims, wherein 
IS in the paradigm, the subjects having differential levels of 

protein expression comprise: 

(a: normal subjects who have and have not been treatec 
with the agent; and 

(b) subjects having body weight and/or eating 
2C disordered function who have and have not been treated with 

the agent. 

25. The method of claim 24, wherein the differential levels 
of protein expression are not observed in normal subjects and 

25 subjects having body weight and/or eating disordered 

function, both groups of subject being untreated with the 
agent . 

2t. The method of any one of the preceding claims, wherein 
3C the paradigm is established using two-dimensional gel 

electrophoresis carried out on the relevant tissue or a 
crotein-containing extract thereof. 



Z" , The method o: any one of the preceding claims, further 
comprising the step of isolating a di f r erentially expressed 
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protein identified in the method. 

26. The method of claim 27, further comprising the step of 

characterising the isolated protein. 

29. The method of claim 28, further comprising using the 
protein in an assay for specific binding partners of the 
protein . 

30. - The method of claim 28, further comprising using the 
protein m an assay to screen for agonists or antagonists ot 
the protein. 

31. The method of any one of claims 1 to 30, wherein the 
agents or proteins are screened using a high throughput 
screening method. 

32. A method of making a pharmaceutical composition which 
comtpri ses having identified an agent using the method of any 
one of claims 1 to 26, the further step of manufacturing the 
agent and formulating it with an acceptable carrier to 
provide the pharmaceutical composition. 

33. Use of an agent identified by the method of any one of 
claims 1 to 26 for the preparation of a medicament for the 
treatment of a condition characterised by body weight and/or 
eating dysfunction . 

34. The use of claim 33 wherein the condition is obesity, 
non-insulin dependent diabetes, anorexia nervosa, bulimia or 
cachexia induced by AIDS or cancer or trauma. 

35. A method of treating a condition characterised by body 
weight and/or eating dysfunction in a patient, the method 
comprising administering a therapeutically or 




a methcc ci any cne ct clair. 1 cc 26 zc zne patient. 



e body weight and/or 
t y , n c n - 1 n s u 1 1 r, 
ancrexia nervosa, 
cancer c n t r a u rri a . 

2^. :~ n-Letncc cf determining the nature cr degree cf body 
v.'eight and/cr eating dysfuncticn m a human cr animal 
subject, the method comiprising: 

(a; establishing a paradigm m which at least one 
protein is differentially expressed in relevant tissue from, 
or representative of, subjects having differential levels of 
body weight and/or eating function; 

(b) obtaining a sample cf the tissue from the subject; 
(c; determining the presence, absence or degree of 
expression cf the differentially expressed protein cr 
proteins in the sample; and 

(d; relating the determination to the nature or degree 
of the body weight or eating dysfunction by reference to a 
previous correlation between such a determination and 
clinical information . 

38. The method of claim 37, wherein the sample is a tissue 
sample or body fluid sample or urine. 

35. The method of claim 37 or claim 38, wherein m the 
paradigm at least four proteins are differentially expressed, 
providing a multi-protein fingerprint of the nature or degree 

of the body weight or eating dysfunction. 

4C. The methcG cf any one cf claims 37 tc 39, whicn further 
comprises ce i e rmi n i nq an effective therapy for treating the 
body weight cr eating dysfunction. 
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41. A method of treatment by the use of an agent that wil] 
restore the expression of one or more differentially 
expressed proteins in the body weight or eating dysfunction 
state tc that found in the normal state in order to prevent 
I the redevelopment of obesity in body weight reduced 

previously obese subjects. 

41. A method whereby the pattern of differentially expressed 
proteins in a tissue sample or body fluid sample or urine of 
10 an individual with body weight eating dysfunction is used to 

predict the most appropriate and effective therapy to 
alleviate the body weight or eating dysfunction state and to 
monitor the success of that treatment. 
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45. A method of claim 42 whereby the body weight or eating 
dysfunction state is obesity. 
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Muscle molecular markers related to the 
obesity state (MOM) 
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White adipose tissue molecular markers 
related to the obesity state (WOM) 
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BroM'n adipose tissue molecular markers 



related to the obesity state (BOM) 
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